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of articles on the extra-hepatic biliary 
system and suggestions have been 
| made in many of the more recent references 
‘indicating the existence of definite func- 
| tional disorders of this system.” The pres- 
' ent paper is a brief review of the investiga- 
| tions published to date on these abnormal 
| physiologic states. 

| First, it will be necessary, however, to 
' summarize the available material relating 
to the normal anatomy and physiology of 
this system as directly related to the sub- 
ject under discussion. 


4 To literature contains a vast number 


ANATOMY 


| The extra-hepatic biliary system is com- 
» posed of gall bladder, ducts, and sphincter. 
|The gall bladder is not a diverticulum, 
but a hollow viscus with a mean capacity 
of 40 c.c. There is considerable variability 
| of the size, shape, and position of the gall 
| bladder which is dependent upon the gen- 
| eral bodily habitus, and the physiological 
| Status, that is, state of filling. In the hy- 
| persthenic individual the gall bladder is 
t to be globular, while in the asthenic 
Person it is usually twice as long as broad 
Read by title before the Radiological Society of 
America at the Twenty-second Annual Meeting, 
Cincinnati, Nov. 30-Dec. 4, 1936. 


* The latter have been marked with an asterisk in the 
ography. 


and may be somewhat curved. It is found 
in the right upper quadrant in the majority 
of cases but in the hyposthenic type it is 
lower in position and may overlie the iliac 
crest; only very rarely is it observed on the 
left of the mid-line. The gall bladder may 
be embedded within the liver, or, at the 
other extreme, be completely covered by 
peritoneum which may extend to the liver 
as a mesentery-like membrane (105). The 
gall bladder is in contact with one or more 
of the following:. liver, stomach, duode- 
num, transverse loop of the colon, and an- 
terior abdominal wall. The wall of the 
gall bladder, where covered with perito- 
neum, consists of four coats: serous, sub- 
serous, fibromuscular, and mucous. The 
subserous layer is composed largely of in- 
terlacing elastic tissue. The fibromuscular 
coat is made up of irregularly distributed 
smooth muscle bundles and interwoven 
connective tissue (92). 

The ducts of the extra-hepatic biliary 
system are the hepatic, cystic, and com- 
mon (Fig. 1). The mucous membrane 
lining the cystic duct is thrown into folds, 
the valves of Heister, which vary in num- 
ber from 0 to 24 (86). The common duct 
may be divided into supraduodenal, ret- 
roduodenal, pancreatic, and intramural 
portions. The names of the first three por- 
tions are self-explanatory as to their re- 
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spective positions. The intramural por- 
tion of the common duct passes obliquely 
through the duodenal wall for a distance 


Usually the widened common duct is joined 
by the pancreatic duct to form the ampulla 
of Vater. The range of the ampulla in 


Fig. 1. Diagram of the Extra-hepatic Biliary 
System. (1) gall bladder; (2) neck of gall bladder; 
(3) cystic duct; (4) hepatic duct; (5) common 
duct; (6) pancreatic duct; (7) ampulla of Vater; 
(8) papilla of Vater; (9) descending duodenum. 





|_ Duct |_ 
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= | age > | age 
I| Hepatic 3.3 5.4! 8.5 
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III | | | 50 
I Nuboer (92) 
II Bronner (21) 
III Cole (32). 
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of from 0.7 to 2.5 cm. (92), and for the 
greater part of its course it runs between 
the mucous membrane and muscular layer 
of the duodenal wall (20, 31, 43, 45). 

The relationship of the terminations of 
the common and pancreatic ducts is quite 
variable (83). The two ducts have been 
reported to open separately into the duode- 
num in 11 per cent of the subjects by one 
worker and in 26 per cent by another (76). 


length is from 1 to 11 mm.; the average 
diameter of the duodenal orifice of the con- 
joined ducts is given as 2.5 mm. (76). 

The common duct is supplied with very 
little musculature except at its duodenal 
termination, however, considerable elastic 
tissue is present in its walls. A separate 
musculature has been described for the 
ampulla and for the papilla of Vater (114), 

Glisson (45) and Liitkins (68) have de- 
scribed a sphincter at the junction of the 
gall-bladder neck and the cystic duct. 
Liitkins states that it is present in about 75 
per cent of individuals; its presence, how- 
ever, has been questioned by other in- 
vestigators (62, 92). 

Glisson, as early as 1681, described the 
sphincter at the duodenal end of the com- 
mon duct and the oblique passage of the 
duct through the wall (20, 45). He sug- 
gested that intestinal contents were pre- 
vented from entering the common duct due 
to its compression by the intraduodenal 
pressure and by the action of the circular 
muscle fibers about the intramural portion 
of the tract. In 1879, Gage (43) described 
the muscle fibers located about the termi- 
nations of the bile and pancreatic ducts. 
Oddi (93) made the first comparative study 
of the intramural portion of the common 
duct in man, dog, pig, cat, sheep, and ox. 
He noted that though there was consider- 
able individual and species variation, that 
each species had a definite anatomical 
sphincter. The most complete recent pa- 
per on this subject is that one published by 
Giordano and Mann (83). They studied 
20 species, including several species with- 
out a gall bladder, but especially the 
sphincteric region in man. They conclude 
as follows: 


“If the common bile duct is incised and its 
whole course through the duodenum is laid 
open, it is found that the so-called ampulla of 
Vater is a variable structure depending on the 
entrance of the duct of Wirsung into the duo- 
denal end of the common bile duct. As the 
duct enters the duodenum it is surrounded by 
muscle fibers from the duodenum which reflect 
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over the duct and intermingle with those of 
the common bile duct, thickening the wall of 
the intramural portion of the duct for a 
variable distance. This thickening does not 


extend around the orifice of the ampulla, but 
usually includes the pancreatic duct.” 


Similar anatomical relationships have 
been found by a large majority of those 
working on the anatomy of this region (43, 
51, 52, 67, 73, 76, 79, 92, 93). 

Oddi’s name is most frequently used in 
describing the sphincter or choledocho- 
duodenal mechanism of the intramural por- 
tion of the common duct. However, there 
is considerable discrepancy and confusion 
in the literature as to the exact structure 
meant thereby. Newman (89, 90) and a 
few others when writing of the sphincter 
of Oddi mean only the distal end of the 
intramural portion of the common duct, 
while another and larger group, which in- 
cludes Westphal (114, 115), state that the 
entire intramural portion composes the 
sphincter. It is the latter’s contention 
that the ampullary and papillary portions 
are separate reciprocal units of an expulsive 
and sphincteric mechanism. 

The musculature of the biliary tract has 
both a sensory and a motor innervation, 
the individual muscle fibers being supplied 
through an intrinsic nerve plexus originat- 
ing from the ganglion cells in the wall of 
the gall bladder (58). The vagi and the 
splanchnics are the nerves concerned (29, 
40, 55, 67, 79). 


PHYSIOLOGY 


The extensive literature on the physi- 
ology of the extra-hepatic biliary tract has 
been reviewed and summarized several 
times. Mann (79), in 1924, listed 95 ref- 
erences, and a decade later Ivy (58) cited 
553 articles. The large increase in the num- 
ber of articles published on this subject 
between 1924 and 1934 was largely the re- 
sult of investigations following the intro- 
duction of internal biliary drainage in 1919 
and the discovery of Graham and Cole, in 
1924, leading to the widespread use of 
cholecystography. The above excellent 
summaries being available in English, only 
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the physiological factors which are related 
to the functional abnormalities will be 
discussed. 

The gall bladder has the four following 
functions: 


(1) Secretion 
(3) Storage 


(2) Absorption 
(4) Pressure Regulation 


(1) The mucous membrane lining the 
neck of the gall bladder and the valvular 
portion of the cystic duct normally secretes 
a relatively small and variable amount of 
mucus, which is similar in nature to that 
found with a hydrops of the gall bladder. 

(2) The first experimental work prov- 
ing that the gall bladder concentrates the 
bile that enters it was done by Rous and 
McMaster. In 1921, they showed by quan- 
titative data that the normal gall bladder 
concentrates the hepatic bile entering it 
from four to ten times. ‘‘This is accom- 
plished primarily by the absorption of 
water and inorganic ions by the cells lining 
the fundus and the body. The other biliary 
constituents appear to be absorbed only 
slightly, if at all” (71). This work has 
been confirmed (5, 53). 

(3) The liver secretes from 800 to 1,200 
c.c. per day and the gall bladder, with a 
mean capacity of 40 c.c., would be unable 
to store the large amount secreted during 
the fasting periods were it not for its ab- 
sorptive powers (5, 74). Indirectly, the 
gall bladder being distensible, it is possible 
for it to adjust itself within certain limits 
to the amount of bile to be stored within it. 
The contractility of the gall-bladder wall 
acts to propel the stored bile into the 
duodenum when needed for digestive pur- 
poses. 

(4) The gall bladder is the important 
factor in the regulation of the pressure 
within the biliary tract because it can act 
as an expansile viscus in a tubular system 
which otherwise is practically rigid and, 
further, through its absorptive ability, it 
can store large amounts of the bile secreted 
by the liver in the periods between gastric 
digestion (71). The pressure-regulatory 
mechanism normally assures a continua- 
tion of bile secretion by preventing the 
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pressure in the biliary tract from exceeding 
the maximum secretion pressure of the 
liver (72, 74); possibly the pancreas is 
similarly protected. 

The preservation of the sphincteric ac- 
tion of the intramural portion of the com- 
mon duct is another important réle played 
by the pressure-regulating mechanism; an 
abnormally increased intraductal pressure, 
as occurs following cholecystectomy, usu- 
ally leads to an incontinent sphincter. 
The relaxation of the sphincter in such 
cases would seem to be a protective mech- 
anism in that it undoubtedly helps prevent 
pressure atrophy of the liver and pancreatic 
cells. It has been noted that an abnor- 
mally contracted sphincter may result in 
bile, pancreatic juice or both being backed 
up in the ducts. This may lead to a 
pancreatitis when bile is forced into the 
pancreatic ducts (2), to dilatation of the 
intrabiliary ducts and pressure atrophy of 
the liver (36) and, in cases in which the pan- 
creatic ferment is forced into the biliary 
tract, there ensues a chronic inflammation 
or necrosis with a possible perforation of 
the gall bladder and bile peritonitis (105, 
115). 

The hepatic ducts, lower cystic, and all 
of the common duct except its intramural 
portion may be dismissed briefly as they 
normally act only as tubes for the passage 
of the bile; they have no concentrative 
function. There is an individual difference 
in the size and the number of the folds, or 
valves of Heister, in the cystic duct and, 
accordingly, the time taken by the bile in 
passing through this region is variable. 
The valves, however, probably have no 
significant regulatory function (86). The 
intramural portion of the common duct is 
definitely motor in function, as described 
in the following section. 


MOTOR FUNCTIONS OF THE EXTRA-HEPATIC 
BILIARY SYSTEM 


The motor functions of the extra-hepatic 
biliary tract have been denied by a small 
number of workers, including Blond (13), 
Halpert (48), and Sweet (109). They con- 
tend that the gall bladder is emptied only 


RADIOLOGY 


by the resorption of its contents. This 
view of complete absorption of all of the 
bile from the gall bladder has been settled 
in the negative, however, especially since 
the advent of cholecystography (53). 

Another small group state that the out- 
flow from the gall bladder is due to ex- 
trinsic forces. They (5, 25, 26, 34, 35, 46, 
119) cite as causative agents one or more 
of the following factors: “respiratory 
squeeze,” intra-abdominal pressure, recoil 
of the elastic wall of the distended gall 
bladder, flushing action of the hepatic bile, 
and/or the milking or pumping action of 
duodenal peristalsis on the common duct. 
These workers also deny the existence of a 
sphincter at the duodenal end of the com- 
mon duct, claiming instead that the regu- 
latory action is due entirely to tonus and 
peristalsis of the duodenum (7, 24, 28, 34, 
37, 46, 116). The latter opinion was held 
by practically all of the early workers until 
the time of Oddi (20), just as most of them 
thought that the gall bladder was emptied 
by pressure of the antrum of the stomach 
(14). 

The majority of the modern investiga- 
tors, however, maintain that the important 
factors involved in the filling and emptying 
of the extra-hepatic biliary tract are in- 
trinsic (1 to 4, 8, 14 to 20, 21, 23, 29 to 33, 
38 to 41, 45, 46, 50 to 60, 64 to 69, 71, 73, 
74, 76 to 85, 89 to 93, 96, 98 to 108, 110, 
112, 114, 119). Masterly experiments have 
been conducted by Boyden (17, 18), Hig- 
gins and Mann (80, 81), Elman and 
McMaster (74), and by Puestow (98) in 
such a manner that all of the extrinsic fac- 
tors have been excluded. It has been shown 
in each and every instance that evacuation 
was dependent upon the intrinsic muscu- 
lature of the extra-hepatic biliary tract. 
Whitaker (116) found that the amount of 
gall-bladder emptying was inversely pro- 
portional to the degree of experimentally 
induced damage to the gall-bladder wall. 
He also showed that a barium meal could be 
moved by peristalsis through the entire in- 
testinal tract without causing a discharge of 
bile. Boyden (16) and Bronner (21) have 
confirmed this finding in man, and undoubt- 



























PY eR 





Pena ees: 




























HILL: 


edly many radiologists have made similar 
observations in the course of their work. 
It has been shown that the rate of gastric 
emptying and of passage of food through 
the intestinal tract does not affect the rate 
of gall-bladder evacuation (16, 17, 110). 
Studies by Sosman and his co-workers (108) 
on one human and three dogs following 
short-circuiting of the duodenum by pyloric 
transection and gastro-enterostomy showed 
that after the fatty meal the gall bladder 
emptied as effectively in these cases as in 
the normal cases not operated upon. Fats 
and proteins are effective stimulants to 
gall-bladder emptying but carbohydrates 
or water cause practically no evacuation 
of the extra-hepatic biliary tract when 
moved through the stomach and duodenum 
(14, 49, 116), yet all of these substances 
promote peristalsis. 

The case for the passive emptying of 
the gall bladder by the extrinsic pressure 
of the stomach and the duodenum has been 
restated recently by the Newcomers (87, 
88). The experimental findings cited in 
the preceding paragraph seem to me defi- 
nitely to contradict the possibility of gas- 
tric and duodenal distention and peristalsis 
being the important factors in the evacu- 
ation of the extra-hepatic biliary tract. 
Furthermore, such a theory as proposed 
by the Newcomers is not adequate to ex- 
plain the following facts. 

In emptying, the longitudinal as well as 
the transverse diameter of the gall bladder 
is decreased (18, 21, 106), which would not 
be true if pressure exerted from the side, 
as by the antrum of the stomach, were the 
controlling factor. Likewise, complete- 
ness of evacuation has been shown to be 
dependent upon the amount of attachment 
between the gall bladder and the liver (21), 
other things being equal, but the degree 
of attachment would play no rdéle if empty- 
ing were due entirely to external pressure. 
Neither does the Newcomers’ theory ex- 
plain how counter-pressure is exerted in 
individuals having the gall bladder con- 
nected to the liver by only a mesentery- 
like band. These authors claim that 
pressure transmitted to the gall bladder 
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from the distended gastroduodenal segment 
will cause bile to flow through the intra- 
mural portion of the common duct and into 
the duodenum. This cannot be so because 
the intraduodenal pressure exerted against 
the intramural portion of the common duct 
and tending to compress it is the sum of 
the pressures resulting from the contents 
of the duodenum plus that transmitted 
by the contractions of the duodenal muscu- 
lature, while only the former could act on 
the gall bladder. Further, their theory 
obviously cannot explain the mechanism 
of gall-bladder emptying following the in- 
travenous administration of an emulsified 
fatty substance (57, 116) or how cholecys- 
tokinin, which has no effect on gastric 
motility and a variable effect on duodenal 
peristalsis, promotes evacuation of the gall 
bladder (37, 54, 56, 57). 

Boyden’s (18) phases of gall-bladder 
evacuation are interpreted by the New- 
comers on the assumption that the full 
stomach straightens the cystic duct. If 
their assumption were correct, the stomach 
would have to be distended in order that the 
gall bladder might fill. They also have made 
the statement that, “Straightening of the 
cystic duct after eating allows some gall 
bladders to fill and empty normally after 
eating’ (87). Clearly this cannot be the 
reason that some gall bladders are visual- 
ized only after the fatty meal inasmuch as 
the gall bladder cannot fill and empty at 
the same time. Also in Bronner’s (21) 
studies of the ptotic gall bladder he has 
pointed out that there is an acute angula- 
tion of the cystic duct which it is impos- 
sible to straighten out by distention or peri- 
stalsis, yet the gall bladder empties fairly 
well. 

The positive evidence for concluding that 
the gall bladder is emptied by the intrinsic 
force of its own musculature is as follows: 

(1) Anatomically, the amount of mus- 
culature is adequate and its reticular ar- 
rangement favors contractions in all direc- 
tions, that is, constricting contractions 
(17, 23, 29, 51, 57, 73, 106, 116). 

(2) Spontaneous contractions have been 
reported (1, 39, 94). 
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(3) Tonic and rhythmic contractions 
have been shown by tracings to be present 
(6, 17, 39, 58, 92, 95, 110). They are un- 
affected by tonus changes and peristalsis in 
the duodenum (26, 82). 

(4) Mechanical, chemical, or electrical 
stimulation of the gall bladder has been 
followed by observable contractions (17). 

(5) It has been shown by roentgenologi- 
cal methods that accompanying a decrease 
in the size of the gall bladder after the fatty 
meal there are (a) definite changes in its 
shape explainable only on the basis of con- 
traction of its musculature (15, 21), and 
(6) that there is a filling of the cystic duct 
and common duct in many cases (21, 57). 
Bronner (21) claims that in individuals in 
whom the biliary tract empties rapidly the 
cystic duct is visualized in practically all 
cases, the common duct in from 80 to 90 
per cent, while in slowly emptying or hypo- 
motile types, the respective figures for the 
two ducts are 65 and 25 per cent. 

The investigators supporting the active 
réle of the gall-bladder musculature in the 


emptying of this viscus also conclude that 
there is an intrinsic sphincteric mechanism 
present at the duodenal termination of the 
common duct which regulates the filling 


and emptying of the gall bladder. The 
following evidence is given in proof of the 
above conclusion: 

(1) Adefinite sphincter has been demon- 
strated anatomically (5, 20, 33, 43, 51, 52, 
67, 78, 83, 84, 89, 92, 114). 

(2) The filling of the gall bladder is 
dependent upon an intact sphincteric 
mechanism (75, 98, 107); if the sphincter is 
incised or cannulated, the gall bladder does 
not fill (116, 119). 

(3) Inspecies without a gall bladder and 
in most post-cholecystectomy cases, no 
regulatory action is present; however, in 
species with a gall bladder while there is 
also a continuous secretion of bile by the 
liver, the discharge into the duodenum oc- 
curs only intermittently or by spurts (2, 
83, 98). 

(4) When duodenal peristalsis is present 
the discharge occurs during relaxation of 
the duodenum (34, 65, 67, 74, 98) which is 
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taken to mean that the two processes are 
correlated rather than indicating that 
changes in duodenal tonus are required in 
order for the bile to pass into the duode- 
num. If duodenal motility were respon- 
sible for emptying of the biliary tract, then 
the ducts should not dilate after remova] 
of the gall bladder as occurs in most in- 
stances (5, 36, 63, 71, 74, 77, 79, 83, 89, 93, 
101). Incising the sphincter prevents this 
dilatation (71, 77, 89, 101). 

(5) Mechanical irritation of the duodenal 
papillz in species with a gall bladder in- 
hibits the flow of bile into the duodenum 
for a variable period, after which a large 
amount of bile may be discharged without 
any visible change in the tonus of the 
duodenal wall (2, 83). 

(6) The intramural portion of the com- 
mon duct is capable of withstanding a 
minimal intraductal pressure of from 75 to 
100 mm. of water, although there is marked 
individual variability (2, 32, 60, 74, 77, 82). 
Atropine may decrease the intramural re- 
sistance without affecting duodenal tonus 
(67). This intramural resistance is usually 
decreased following cholecystectomy and 
as a result the bile drains continuously into 
the duodenum (77, 82, 98, 101, 107). 

(7) Westphal (114) and later Lueth 
(67), as a result of their investigations of 
the intramural portion of the common duct, 
divided it into two parts. The resistance 
noted by them at the papilla was equal to 
from one-sixth to one-third of the total; 
the major portion of the resistance was 
found at a higher level, the ampullary 
region, and responded to stimulation of only 
a small area proximal to the entrance of 
the pancreatic duct. Westphal (114) sug- 
gested a reciprocal action and innervation 
of the two portions. He found that stimu- 
lation of the vagus resulted in relaxation of 
the papillary sphincter and contraction of 
the ampulla, while exactly the opposite 
results were obtained by stimulation of the 
splanchnics. Lueth (67), Newman (89), 
Nuboer (92), and Westphal (114) mention 
a possible ejaculatory function of the cho- 
ledocho-duodenal mechanism. 

(8) Intestinal contents and parasites 
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are prevented from entering the common 
and pancreatic ducts by the sphincter of 
Oddi (2, 76). The ampulla of Vater is 
visualized, however, in a small percentage 
of all individuals having gastro-intestinal 
studies, but there is no reflux of barium 
into either the common or pancreatic ducts 
in these cases. If Westphal’s conception 
of the sphincteric mechanism is accepted, 
the above findings may be explained on 
the basis of a relaxed or incontinent papil- 
lary muscular ring with a contracted am- 
pullary sphincter. The latter condition 
was noted by Westphal following stimula- 
tion of the vagus (114). 

The intraduodenal pressure resulting 
from the duodenal contents and the tonus 
of the duodenal wall is undoubtedly an ac- 
cessory factor in the regulatory mechanism 
of the intramural portion of the common 
duct (37). Coffey’s (31) observations made 
following different methods of surgical 
implantation of the common bile duct bear 
this out. When placed directly into the 
wall of the duodenum, there was a marked 
reflux of duodenal contents into the com- 


mon duct and gross dilatation of this struc- 


ture. When, on the other hand, the duct 
was obliquely implanted between the 
muscular and mucosal layers of the duode- 
num, it apparently worked like a check- 
valve for no dilatation of the duct occurred. 
Coffey stated that the success of the in- 
direct method of implantation was due to 
compression of the duct by the intraduo- 
denal pressure. The principle has also 
proved practical in transplantation of the 
ureter into the colon. 

There is a double innervation of the 
musculature of the extra-hepatic biliary 
tract (6, 39, 40, 57, 66, 69, 74, 79, 82, 83, 
85, 98, 114). The muscular tissue may 
function independently of any innervation 
(116)—so may the intestine. However, 
the vagal and splanchnic fibers which are 
distributed to the biliary tract undoubtedly 
exert a control over the normal emptying 
of the extra-hepatic biliary tract (55). 
The stimulation of the vagal fibers causes 
the gall bladder to contract; similarly the 
splanchnic fibers are inhibitory (79, 114). 


ld 


The musculature of the gall bladder and 
that of the sphincter being antagonistic 
(8, 106), their regulation is best explainable 
on the basis of a reciprocal innervation 
(5, 74, 82). The active force in the empty- 
ing of the gall bladder appears to be a re- 
flex mechanism which is stimulated by the 
presence of protein or fatty food, especially 
the latter, in the duodenum (18, 98, 116). 
This mechanism is subject to reflexes 
originating in disorders of the abdominal 
and pelvic organs: as, for example, ap- 
pendicitis, peptic ulcer, and ovarian disease 
(19, 83). 

The chemical substances which affect the 
evacuation of the extra-hepatic biliary tract 
are many. The fact that the threshold of 
stimulation of the sphincters shows con- 
siderable variability makes it difficult to 
assay the activity of the various stimulants. 
Fatty and protein foods probably act as a 
chemical stimulus rather than as a me- 
chanicalone. Ivy’s secretin-free hormone, 
cholecystokinin (56, 57, 103), produced by 
the duodenal mucosa on contact with fats 
(and proteins), is apparently the physio- 
logical stimulant. The glandular incretions 
undoubtedly affect the motility of the bili- 
ary tract since the hormones act on the 
sympathetic and parasympathetic systems 
(58, 115). Little is known regarding the 
changes produced by the different incre- 
tions but there are indications that hyper- 
thyroidism and hypoparathyroidism tend 
to induce spasticity of the sphincters of the 
gastro-intestinal tract. 

There are many contradictory opinions 
as to the actions of the various drugs on the 
extra-hepatic biliary tract (2, 5, 6, 15, 18, 
24, 27, 30, 32, 50, 58, 66, 67, 69, 73, 82, 83, 
89, 98, 105, 114, 115, 116,119). Contrac- 
tion of the gall bladder is promoted by 
acetylcholine, barium chloride, histamine 
and pilocarpine; chloral hydrate, ergotam- 
ine, and strophanthin increase its tonus. 
Atropine, epinephrine, ether, magnesium 
sulphate, the nitrites and papaverine tend 
to relax the gall bladder. The bile salts, 
caffeine, codeine, morphine, nicotine, physo- 
stigmine, pituitrin, potassium chloride, 
and sodium citrate are either ineffective in 
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the usual dosages employed or their action 
is still a matter of controversy. Acetyl- 
choline, alkali, muscarine, and pilocarpine 
excite the parasympathetic system and 
thus increase the tonus of the choledocho- 
duodenal mechanism; while acid, adren- 
alin, and magnesium sulphate decrease the 
tonus of the sphincter by paralyzing the 
parasympathetic system (27). Codeine, 
dilaudid, morphine, and pantopon are 
apt to produce spasm of the sphincters; 
relaxation has been obtained by using 
amyl nitrite, glyceryl trinitrate, and theo- 
phylline ethylenediamine (27). The fol- 
lowing drugs have little or no effect upon 
the sphincters: atropine, ephedrine, er- 
gotamine tartrate, and papaverine. 

The ability of any drug to empty the 
gall bladder is dependent not only upon 
its action on the gall-bladder musculature 
but also oni the choledochoduodenal mecha- 
nism. Furthermore, some _ substances, 
such as the bile salts, increase the flow of 
bile but do not empty the gall bladder. 


PHYSIOLOGICAL DISORDERS OF THE 
EXTRA-HEPATIC BILIARY TRACT 


Oddi (93), in his paper on the anatomy 
and the physiology of the extra-hepatic 
biliary tract published in 1877, suggested 
that biliary colic and jaundice might be 
due in some cases to spasm of the sphincter 
at the duodenal end of the common duct. 
Krukenberg, in 1903, and Borghi, a decade 
later, published clinical records of patients 
having gall-bladder colic who at operation 
showed neither infection nor stones (50, 
59). The symptoms in such cases usually 
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have been explained in the past on the 
basis of either adhesions or inspissated bile. 

The next step in the evolution of the idea 
of functional abnormalities was the result 
of studies on the stasis gall bladder. 
Aschoff and Bacmeister (3), in 1909, de- 
scribed two types of “‘Stauungs-blasen”: 
the atrophic and hypertrophic; the respec- 
tive altered conditions of the muscular 
walls being present in the absence of in- 
filtration or calculi. In 1920, Schmieden 
(104) explained the stasis present in such 
cases as due to a kinking of the junction 
of the gall-bladder neck and the cystic duct. 
Two years later, John Berg (8) stated that 
biliary stasis might be due to a functional 
disorder and cited as confirmatory evidence 
the finding of hypertrophied muscular 
tissue surrounding Vater’s ampulla. Simi- 
lar findings were reported later by Giordano 
and Mann (83), Newman (89, 90), Nuboer 
(92), and Westphal (114). 

Meltzer (85) suggested, in 1917, the 
possibility of spasm of the sphincter of 
Oddi as a caise for biliary colic. The 
greatest impetus to the conception of the 
functional disorders, however, has been 
due to the work of Westphal (114, 115). 
His results on innervation studies in cats 
and guinea pigs are recorded in Table I: 

Upon the basis of these findings West- 
phal (114) classified the functional disorders 
of motility of the extra-hepatic biliary tract 
into the following types: 


I. Hyperkinetic Type: 


The difference between the subtypes 
is dependent upon the degree of 
hypertonicity present. 


TABLE I 





Reactions of the Clinical Type 





Type of 


Nerve 
Stimulation || Gall Bladder 


Stimulated 


Ampulla V. Papilla V. of Response _ 





Weak electrical Contracts 


current 


Vagus below the 
diaphragm 


Peristalsis manifest Relaxes Normal 





Tone increase; 


Vagus below the 
empties rapidly 


diaphragm 


Stronger 


Hypermotile 


Not stated notil 
dyskinesia 


Movements of ampulla 
very lively 





Vagus below the Contracts 


diaphragm 


Very strong 


Hypertonic 


Not stated onic 
a= 


Spasm 








Splanchnic Not stated Relaxes 














Atonic 


Spasm ae 
dyskinesia 


Relaxes 
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(2) Hypermotile type. Increased mo- 
tility of the gall bladder and ampulla 
with rapid emptying. 

(b) Hypertonic type. Contraction of 
the gall bladder against spasm of 
the sphincter, resulting in distention 
and pain. 

II. Atonic Type: 

Relaxation or atony of the gall bladder 
with spasm of the papillary sphinc- 
ter. This causes distention (atonic) 
of the gall bladder and a heavy, 
aching sensation in the biliary re- 


gion. 


Pavel (96) objects to the use of the word 
“dyskinesia” to designate all of the ab- 
normal functional conditions of the extra- 
hepatic biliary tract, because he states that 
it tends to confuse the picture from both 
a theoretical and a practical standpoint. 
He does not consider the clinical pictures 
of the different types sufficiently character- 
istic to enable one to differentiate between 
them. 

Pavel lists the possible disorders of 
motility as follows: 

(1) Those due to augmentation of the 
power of evacuation of the gall bladder; 

(2) Those due to a diminution or loss 
of this power; 

(3) Those due to an augmentation of the 
sphincter of Oddi; 

(4) Those due to a lowering of the tonus 
of the sphincter; and 

(5) Those due to a defective correlation 
between bladder and sphincter. 

He states, further, that all these disturb- 
ances must be divided into those of nervous 
and those of muscular origin. Since some 
of these states have only a theoretical im- 
portance and are without diagnostic possi- 
bilities, Pavel offers a simpler classification. 
He believes that the three following condi- 
tions may be differentiated by the clinical 
and laboratory findings characteristic of 
each and by the therapeutic measures 
which are effective in each type: 

(1) A condition in which augmentation 
of the power of contraction of the gall 
bladder under abnormal stimulation of the 
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vegetative nervous system leads to biliary 
colic. The clinical picture of this condition 
is sufficient to make the diagnosis. 

(2) Hypotonic and atonic conditions of 
the gall bladder, the diagnosis of which can 
be made easily by means of duodenal in- 
tubation and cholecystography. He says 
that the treatment is well established and 
efficacious. 

(3) Disorders due to spasm of the 
sphincter of Oddi which have a very definite 
symptomatology as well as a definite treat- 
ment régime. 

The abnormal functional states were 
divided into two groups, ‘‘spastic disten- 
tion” and ‘‘atonic distention,” by Newman 
(89). He has taken exception to the neuro- 
logical concept proposed by Westphal, 
believing instead that these disturbances 
are due to 
“constitutional and acquired factors, like 
other diseases, but the disorders of motility 
behave as if disordered innervation were the 
final common path by which the causes act. 
I would like to stress that any division of the 
dyskinetic states into hard and fast entities 
is artificial; there is a continuous series of 
stages of departure from normality, to which 
different cases correspond, and the same case 
may show different degrees of the process at 
different times.”’ 


Later (91) he says, 


“TI have found ‘atonic’ distention much less 
common than I had thought, and I doubt 
whether it exists save as part of the anxiety 
neurosis of the menopause or as a senile 
phenomenon.”’ 


Psychical influences, infrequent feedings, 
and abstinence from protein foods have 
been listed by Meltzer (85) as three pos- 
sible factors accounting for hypertonic dis- 
orders. Lyon (69) uses the terms “‘spastic’’ 
and ‘‘atonic dysfunction’’ to describe the 
functional biliary disorders. He supports 
Westphal’s theory of etiology and suggests 
that there is possibly a unity of the func- 
tional disorders of the gastro-intestinal 
tract and its appendages since they have 
a common innervation. Held (50) has 
proposed using ‘‘cholecystopathica atonica”’ 
and ‘‘cholecystopathica hypertonica’’ for 
these disorders of function which he sug- 
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gests are due to disturbances in the vegeta- 
tive nerves controlling the motor functions 
of the gall bladder and the antral and 
papillary portions of the sphincter. It has 
been noted clinically that neuromuscular 
dyskinesia of the extra-hepatic biliary 
tract occurs more frequently in pregnancy, 
during menstruation, or with psychic emo- 
tional states, that is, in individuals with 
an abnormal vagal stimulation (105, 115). 

Loss of function and spasm are suggested 
by Giordano and Mann (83) as the two 
possible abnormal functional conditions of 
the sphincteric mechanism of the common 
duct. They state that the former may be 
due to a lesion of the gall bladder which 
causes it to cease functioning when the 
condition present would be analogous to 
that found after cholecystectomy. Spasm, 
they believe, may be initiated by reflex 
stimulation of the sphincter by a patho- 
logical lesion in one of the abdominal vis- 
cera. For example, it is pointed out by 
them that the musculature of the sphincter 
has been found to be hypertrophied in 
some cases of peptic ulcer, cholecystitis 
and pancreatitis. 

Boyden (18), following his investigation 
of the phases of gall-bladder evacuation, 
described the three following types of 
biliary-tract response: 

(1) The most effective type in which a 
stimulus results in a simultaneous contrac- 
tion of the gall bladder and a relaxation of 
the sphincter. This produces the greatest 
flow in the shortest time and is to be con- 
sidered typical of the normal response. 

(2) A relatively rare type in which the 
stimulus causes a relaxation of the gall 
bladder and sudden closure of the sphinc- 
ter. This produces a temporary delay in 
emptying. 

(3) In the sluggish type there is a mo- 
mentary emptying followed by slow filling, 
which, in turn, is followed by slow empty- 
ing due presumably to a hypertonic sphinc- 
ter. 

Ivy and Sandblom (59) show that the 
intramural portion of the common duct can 
contract sufficiently to prevent evacuation 
of the contracting gall bladder. In proof 
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of the fact that the resulting increaseq 
intrabiliary pressure may produce pain in 
the non-inflamed biliary tract, they offer 
two observations, the first by Westphal 
who passed a tube into the duodenum and, 
with the aid of olive oil, obtained an out- 
flow of bile. Injection of pilocarpin re- 
sulted in cessation of the bile flow and 
frequently produced biliary distress which 
could be relieved by atropine. Ivy and his 
co-workers made the second observation 
during their investigations of the normal 
responses to cholecystokinin. In a normal 
individual, bile was obtained by duodenal 
drainage, then the flow stopped without 
evidence of distress. Administration of 
cholecystokinin was followed by a copious 
flow of pancreatic juice but no bile, after 
which biliary distress soon ensued and be- 
came progressively worse. Finally, it 
was necessary to pass magnesium sulphate 
into the duodenum, in order to control the 
colic, after which bile was again obtainable 
from the duodenum. The authors contend 
that there was an abnormally contracted 
sphincter and that magnesium sulphate 
relaxed the spasm, as proposed by Meltzer 
(85). 

Best and Hicken (9 to 12) have reported 
five cases of dysfunction of the choledochal 
sphincter. They prefer the term “dys- 
synergia”’ which Dorland defines as a “‘dis- 
turbance of muscular co-ordination’; by 
“‘dyskinesia”’ Dorland signifies an ‘“‘im- 
pairment of the power of voluntary move- 
ment.” 


INCIDENCE 


Westphal (115) reported an incidence of 
5 per cent of cases exhibiting spasm of the 
sphincter of Oddi. A 25 per cent incidence 
of spastic dyskinesia in stoneless cholangio- 
pathic cases was given by Umber (112). 
Aschoff (4) recorded that in 215 cholecys- 
tectomy cases there were 25 free of stones 
and that seven of the latter exhibited symp- 
toms which were thought to be due to fune- 
tional disorders of the biliary tract. Ina 
series of 19 normal individuals studied, 
Ivy and his co-workers (59) found three 
subjects who complained of biliary distress 
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due presumably to biliary dyskinesia. Best 
and Hicken (12) state, ‘““We have found 
spastic biliary dyssynergia in 15 per cent of 
the patients in our series of 75.” 

Although there are many more cases re- 
ported in the literature (Bronner, 21, 
cites two cases, Bufano, 22, one, Overholt, 
94, several, Newman, 89, twelve, and Rossi, 
100, one), the figures on incidence are rarely 
given. 


CLINICAL FINDINGS 


The clinical picture of the spastic and 
atonic types of functional disorders of the 
extra-hepatic biliary tract have been pre- 
sented in detail by Newman (89, 90) and 
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single cause (69, 70, 75) has led to the in- 
creasing use of cholecystography to in- 
vestigate the upper abdominal disorders. 
The value of cholecystography is increased 
if examinations are made following a fatty 
meal. The rate of gall-bladder evacuation 
following the fatty, or Boyden, meal (14) 
is normally quite variable (2, 20, 23), the 
average being about one and one-fourth 
hour (18, 21, 58). The time of emptying 
is about the same in children and adult 
females but takes about twice as long in 
the adult male (18). Other things being 
equal, the larger the gall bladder, the longer 
it takes to empty (18). In peptic ulcer 


cases the rate is apt to be very rapid (21). 


TABLE II 





Characteristic 


Hypertonic Type 


Atonic Type 





. Sex Females predominate 


Females predominate 





. Age 


Average at onset is 36 


Older 





. Bodily habitus Hypersthenic 


Hyposthenic 





. Pain 





(a) Character 


Dull, similar to mild gallstone 
colic; spasmodic 


Heavy, aching sensation; continuous 





(b) Time of onset 


An hour or two after meals 


Soon after eating 





(c) Radiation 


To left and to back 


To epigastrium 








. Nausea Very common 


Rare 





. Vomiting Occasionally 


More often 





. Jaundice 
during attacks 


Subicterus has been reported 


Questionable if ever present 








. Bowel activity 


Tendency to diarrhea 


Apt to be constipated 





. Tenderness 


Over gall-bladder area 


Over epigastrium and liver 





Intubation Findings: 





1. Stomach High acidity 


Low acidity 





2. Duodenum Little bilirubin 


Some bilirubin 





(a) Response to oil 


Good after prolonged latent period 


Slow flow after long pause 








(b) Response to pilocarpin 


Delay up to five minutes 


Flow without latent period 





None 





(c) Evidence of infection 


None 











There is no pathognomonic symptom, sign, or syndrome of either type of dysfunction. 


In fact, every case is 


apt to present exceptions to the above listed characteristics (89). 


Westphal (114, 115). A brief summary of 
their findings is presented in Table IT. 


ROENTGENOGRAPHIC FINDINGS 


The realization of the fact that diseases 
of the biliary system are probably respon- 
sible for more cases of epigastric distress or 
gastro-intestinal dyspepsia than any other 


In cases of dyskinesia the rate of empty- 
ing may be within normal limits, but if 
altered is usually delayed. 

Serial studies after the Boyden fatty 
meal may be of considerable aid in diag- 
nosis; Bronner (21) has reported one case 
in which the common duct proved to be as 
wide as the gall-bladder shadow and an- 





272 


other in which the diameter was half as 
great but still was above normal limits. 
These cases exhibited typical biliary dis- 
tress and no organic lesion was found at 
operation. Newman (89) and Westphal 
(115) have made similar observations. 
The x-ray findings in dyskinesia, as given 
by Newman (89) and Westphal (115), are 
summarized in Table III. 

During the last decade, there have been 
published several articles advocating the 
use of cholangiography at the operating 
table or following operations upon the 
biliary system whenever the cause for the 
biliary symptoms is obscure (42, 44, 63, 
94,97, 107, 111). Best, Hicken, and Hunt 
(10) cite its usefulness not only in diag- 
nosing organic lesions, such as _ stones, 
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tectomy cases which have no external 
fistula or tube in the duct. 


DIAGNOSIS 


The diagnosis of the functional disorders 
of the extra-hepatic biliary tract is far from 
simple. Disturbances of secretion, absorp- 
tion and some of the motor disorders are 
not diagnosable at present. The hyper- 
tonic and atonic types of dyskinesia or 
dyssynergia may be detected only by a cor- 
relation of a carefully taken history with 
the findings obtained from duodenal in- 
tubation and roentgenological studies. Be- 
fore a diagnosis of a functional disorder 
is made, any possible organic explanation 
of the symptoms must be excluded. Fur- 
thermore, I do not believe that those cases 


TABLE III 





Roentgenological 
Characteristics 


Hypertonic Type | 


Atonic Type 





Concentration Normal 





. | Poor 





Size Normal 





Emptying after fatty meal Delayed 


| Long and thin 
May be delayed 


a | 





Ducts dilated 


Reported in some cases 


Probable, though none reported 





Stomach 





Hypersthenic and empties rapidly unless 
there is associated pylorospasm 


Hyposthenic and empties slowly 








strictures, and mucous plugs, but also in 
detecting functional disorders. They con- 
sider an evanescent obstruction to the out- 
flow of the opaque medium which is in- 
stilled into the gall bladder or common 
duct as sufficient to warrant the diagnosis 
of biliary dyssynergia in those cases with 
a history of continuing or recurring biliary 
distress. 

The results of attempts to visualize the 
bile ducts by the repeated administration 
of many small doses of the opaque gall- 
bladder salt and glucose in patients who 
have had their gall bladders removed are 
as yet not conclusive but are sufficiently 
promising to warrant further study of this 
method (38). The improvement of this 
method may make it possible to diagnose 
organic and functional disorders of the 
common duct and sphincter of Oddi by 
roentgenological methods in post-cholecys- 


presenting spasm of the sphincter on a re- 
flex basis, that is, in which the spasm is 
initiated by an organic lesion of one of the 
abdominal viscera, can be classified as 
true exatuples of biliary dyskinesia. In 
such patients, the spasm will be relieved 
when the lesion causing the abnormal 
biliary symptoms is cured. 

The following conditions should be con- 
sidered in the differential diagnosis of the 
dysfunctions of the extra-hepatic biliary 
tract: 

(1) Congenital dilatation of the com- 
mon duct, which may be enormous (105, 
120), must not be confused with dilatation 
due to spasm of the sphincter; 

(2) Obstructive lesions of the biliary 
ducts due to strictures, kinks, mucous 
plugs, and inspissated bile and as a result 
of external pressure on the ducts; 

(3) Inflammatory lesions such as hepati- 
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tis, cholangitis, cholecystitis, duodenitis, 
pancreatitis, appendicitis, and colitis; 

(4) Miscellaneous disturbances, as, for 
example, functional disorders of the stom- 
ach or colon, or nervous dyspepsia. 


TREATMENT 


The treatment of the functional disorders 
has been worked out on the basis of the 
alterations in the tonicity of the system. 

Hypertonic Type—Newman (89) recom- 
mends the following for cases of spastic 
distention: ‘“‘small, equal, and regular 
meals, and avoidance of mixtures of fats 
and starches.””’ The drugs he uses are 
belladonna and sodium bicarbonate. He 
suggests that a guarded prognosis should 
be given in these cases since they may be 
associated with a neurasthenia or with an 
anatomical kink (91). Lyon (69) advises 
the same régime plus duodenal drainage. 
Held (50) thinks that the instillation of 25 
per cent magnesium sulphate into the duo- 
denum and the application of heat are help- 
fulmeasures. Atropin, papaverin, heat, and 
regulation of the diet are advocated by 
Schmieden and Niessen (105). 

Atonic Type.—It has been recommended 
that the patient avoid doughy foods and 
fluids with meals; fruits and salads are 
allowed and also acid in various natural 
forms is given after meals (90). Kalk 
and Schéndube (64) suggest the use of 
pituitrin, but Newman (89) believes this 
substance is contra-indicated. Westphal 
(115) advocates using small doses of strych- 
nine; Schmieden and Niessen (105) ad- 
vocate the use of menthol, salicylates, 
cholecystokinine, or secretin. Lyon (69) 
advances the following three-item plan: 

(1) Full fat diet; four meals a day with 
no skipping; 

(2) Oleic acid and drugs to relieve 
pylorospasm if it is also present; 

(3) Biliary drainage. 

Without distinction as to type, the fol- 
lowing measures have been presented as 
being efficacious in relaxing a spastic 
sphincteric mechanism at the duodenal 
termination of the common duct: 
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(1) The removal of any reflex cause, as, 
for example, appendicitis. 

(2) The use of the nitrites, especially 
amyl nitrite or glyceryl trinitrate, and the 
avoidance of codeine, dilaudid, or mor- 
phine (27). 

(3) The use of warm oil on the chole- 
dochal side of the sphincter in cases operated 
upon that have a tube in the gall bladder 
or common duct (9-12). 

(4) ‘‘Endocholedochal sphincterotomy” 
has been performed in cases of spasm of 
Oddi’s sphincter (33). 

(5) Dilatation of the sphincter, an- 
astomosis of the gall bladder and stomach 
or intestine, cholecystectomy with choledo- 
choduodenostomy, or the latter alone are 
other operative procedures which have 
been used to relieve patients of their dyski- 
netic symptoms (105, 115). 


DISCUSSION OF REPORTED CASES 


There is a considerable literature (see 
bibliography) dealing with the subject of 
functional disorders of the extra-hepatic 
biliary system, yet the number of reported 
cases is relatively small and the majority of 
these are of the hypertonic or spastic type. 
In general, the reports include but few 
details of the case records, very brief or no 
consideration of the differential diagnostic 
points, meager or no descriptions of the 
operative findings and of the responses to 
therapy, and practically no statistical in- 
formation. 

Best and Hicken (9, 10, 11) have re- 
ported in some detail 15 cases in which 
cholangiographic studies were made by 
them. Ten of these are listed as ‘‘controls”’ 
because the radiopaque oil which was in- 
stilled into the gall bladder or common duct 
flowed immediately into the duodenum. 
The remaining five cases are reported as 
examples of biliary dyssynergia because in 
each instance there was an “evanescent 
obstruction”’ to the outflow of the oil, due, 
according to the authors, to a spasm of 
the sphincteric mechanism of the intra- 
mural portion of the common duct. In 
over fifty cases examined by them at the 
operating table, at which times the patients 
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were under the influence of spinal anes- 
thesia, there was no immediate discharge of 
the oil into the duodenum (12). 

In practically all of their 15 cases, the 
symptoms present and the dilatation of the 
commot duct as well as the transient delay 
in emptying present only in the five “‘dys- 
synergic’ cases are explainable by the gross 
pathologic lesions found at operation or on 
a basis of the operative procedures under- 
taken. Infection, stones, or both were 
found at operation in the five cases exhibit- 
ing evanescent obstruction to the outflow 
of the instilled oil; furthermore, the gall 
bladder had been or was removed in four 
cases, drained in the fifth. The common 
duct was found to be dilated at operation 
in four, was explored in five, and a tube 
was inserted into the common duct in 
four cases (9-11). 

It has been shown that after cholecys- 
tectomy, “‘the process producing dilatation 
of the ducts is maintained until the biliary 
tract will contain as much bile as the gall 
bladder, or more often, until the sphincter 
itself becomes dilated and is not able to 
withstand its normal pressure” (77). It 
also has been noted that immediately 
following the removal of the gall bladder 
the sphincter is paralyzed (59, 77, 119). 
The sphincter remains hypotonic after- 
ward, regains its former tonus, or becomes 
spastic (65, 101). Dependent upon the 
nature of the end-result, the discharge of 
bile will be either a continuous dribble or 
occur by spurts (83, 98, 101). This vari- 
ability of responses will satisfactorily ex- 
plain the fact that Best and Hicken found 
ten of their cases which discharged the oil 
immediately and five which showed atransi- 
tory or evanescent delay of the outflow. 
In their “‘control’’ cases the open, relaxed, 
or hypotonic sphincter allowed the oil to 
drain out immediately; in the five other 
cases the tonus of the sphincter was re- 
gained sufficiently to hold the oil back in 
the ducts long enough so that the latter 
could be visualized. Bronner (21) has re- 
ported a filling and visualization of the 
ducts in a large percentage of normal 
cholecystograms. Therefore, if Best and 
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Hicken are correct in the interpretation 
of their findings, spasm would have to be 
present in all cases in which the cystic 
and common ducts are visualized following 
the fatty meal. This seems to me to be 
very unlikely. 

In several of their reported cases, the 
spasm supposedly present has been re- 
laxed and has remained so following the 
single instillation of warm oil on the 
choledochal side of the sphincter. As a 
rule, spasm of the other sphincters of the 
gastro-intestinal tract, unless psychic, does 
not disappear permanently with comparable 
treatment. In fact, these results suggest 
the washing out of a small plug of mucus or 
inspissated bile by the oil instilled into the 
common duct rather than spasm. 


SUMMARY AND CONCLUSIONS 


This paper is presented in the hope that 
a better understanding of the normal and 
abnormal anatomy and physiology of the 
extra-hepatic biliary tract will result in 
better diagnoses and more efficacious treat- 
ment of the various biliary disorders. In 
the past, the functional disturbances re- 
ceived little or no attention, and because 
of this, unsatisfactory end-results of the 
different forms of therapy were all too 
common. Many different explanations 
have been given at various times to account 
for the persistence of the old symptoms or 
for the new complaints arising following 
operations upon the extra-hepatic biliary 
tract. Adhesions, anatomical kinks, plugs 
of mucus or inspissated bile, strictures or 
external pressure undoubtedly have been 
responsible in the majority of such cases 
for the patient’s complaints. In the re- 
mainder, the symptoms were not account- 
able for on the basis of the above organic 
lesions. They are explainable, however, 
by the presence of functional disorders, 
most of which are disorders of motility. 

A few workers have denied the gall- 
bladder musculature any motility and 
though some of these workers admit the 
existence of a sphincteric mechanism at 
the duodenal termination of the common 
bile duct, they all deny it any significant 
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function. By far the majority of inves- 
tigators, however, support the con- 
trary school of thought which contends 
that the proper functioning of the extra- 
hepatic biliary tract is in large measure 
dependent upon its intrinsic musculature. 

It seems unlikely that a hollow viscus, 
such as the gall bladder, with walls con- 
taining smooth muscle of adequate amount 
to empty it, would not be able to expel 
its contents through the contraction of 
its walls. Furthermore, there is ex- 
perimental and clinical proof that gall- 
bladder evacuation is dependent upon in- 
trinsic forces, and that the intramural por- 
tion of the common duct is an important 
sphincteric mechanism concerned with 
evacuation. The intraduodenal pressure 
acting upon that portion of the common 
duct lying beneath the duodenal mucosa is 
probably an accessory factor in the regula- 
tion of the choledochoduodenal mechanism. 

The gall bladder and sphincter of Oddi 
are correlated in their activities by a com- 
mon innervation so that the gall bladder 
may fill with bile, store the same until 
needed, and then slowly discharge it into 
the duodenum during the period of diges- 
tion. The three important factors upon 
which the discharge of bile depends are the 
secretory pressure of the liver, the con- 
tractility of the gall bladder, and the 
sphincteric action of the intramural por- 
tion of the common bile duct. 

From the evidence available to date, it 
would seem that functional disorders of 
the extra-hepatic biliary tract are relatively 
rare, especially if those due to associated 
organic lesions are excluded. The physio- 
logical disturbances that can be diagnosed 
are the hypertonic and atonic types of 
motor disorders—the former is more fre- 
quent and is usually exhibited as a spas- 
ticity of the sphincteric mechanism. 

The symptoms of the spastic disorders 
are similar to those of a case of mild gall- 
stone colic, while a case of gastro-intestinal 
dyspepsia is simulated in the atonic forms 
of dysfunctioning. 

The diagnosis depends upon a careful 
correlation of the findings of the history, 
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duodenal intubation, and roentgenological 
studies. The most significant cholecys- 
tographic evidence is found only if serial 
studies are made following ingestion of the 
fatty meal. At present, definite precau- 
tions must be observed in evaluating the 
cholangiographic findings because sufficient 
experimental investigation has not been 
undertaken in order to determine the range 
or variability of the normal responses. 

Treatment of the different disorders is 
both medical and surgical; final standardi- 
zation of definite therapeutic régimes is 
a matter of the future. 

Criticism of the reported cases of biliary 
dyskinesia or dyssynergia has been made 
not so much to deny the existence of the 
functional disorders as to be an incentive 
to additional and more critical studies of 
the extra-hepatic biliary system. 

450 Sutter St. 
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CRANIAL DYSPLASIAS OF PITUITARY ORIGIN’ 
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PART II 


THE EXAMINATION OF CRANIAL SKIAGRAMS 
AND THE DYSPLASTIC TYPES FOUND 


taken, there had been studied by 

Rowe and his colleagues some four 
thousand cases, in which, after a thorough 
investigation (4), a diagnosis had been ar- 
rived at. Many of them had been studied 
for more than one period, in the course of 
several years, and amongst these were some 
in whose cranial skiagrams changes could 
be seen to have occurred with the passage 
of time; this was of special value in the 
case of children and adolescents. 

Although routine skiagrams are taken 
in all cases, it was to be regretted that 
many of the earlier films had been de- 
stroyed, but there remained for study skia- 
grams of 2,950 cases. In each there was, 
in addition to a lateral skiagram, a postero- 
anterior view taken in the Caldwell posi- 
tion, which projects the shadow of the 
petrous portion of the temporal bone into 
the lower part of the orbit and upper part 
of the maxillary antrum. In this latter 
position, therefore, the frontal sinuses, nasal 
fosse and septum, and the greater part of 
the maxillary antra can be seen clearly. 

The films were studied, only the age and 
sex of the patient being known. No case 
was classed as abnormal unless two ob- 
servers were of that opinion. The details 
upon which the opinion was based were 
recorded, and, thereafter, the final case- 
diagnosis was supplied, and the cranial 
findings discussed in the light of the full 
history and physiological data available. 

Standards of Judgment in the Examination 
of Cranial Skiagrams.—In view of the wide 
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variations in size and proportions in human 
crania that are known to occur, apart from 
the great differences indubitably due 
to age, sex, family, race, environment, 
and disease, and looking on the skull as 
a record, not only of dimensional growth, 
but more especially of development, the 
necessity at once arose of deciding on what 
evidence it might reasonably be assumed 
that there was present, in a given case, 
such a variation, in pattern or dimension, 
from what is currently found as to be sig- 
nificant of disturbance of the growth-con- 
trolling processes in that individual. 

It was obvious, of course, that such 
evidence could not be estimated with any 
high degree of accuracy, could in no sense 
be ‘‘craniometric,’’ in view of the nature 
of the material under survey. The cra- 
nial skiagram as a basis of judgment could 
be expected to serve only as an approxi- 
mation, distortion to some extent being 
inevitable. There are, however, advan- 
tages which more than counterbalance the 
defects. The skiagrams were records of 
patients studied in the past, who in the great 
majority of cases could not be reached 
again for craniometric study, and as a 
clinical method of securing data, in its 
ease and rapidity, it was preferable to 
the tedious and highly specialized tech- 
nic of craniometry. There was even an 
advantage in not seeing the patient person- 
ally, in the avoidance of the acquisition 
of clinical impressions from other sources, 
which might have biased judgment. The 
chief advantage, however, lay in the fact 
that the roentgenologic examination is 
the only method by which, in the living, 
architectural structure can be seen and 
the degree of calcification reliably es- 
timated. Also, relative proportions in 
size, in deeply placed structures, not sus- 
ceptible to craniometric measurement, be- 
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come apparent; and all these data, simul- 
taneously acquired, train the eye pro- 
gressively in their integration, and lay 
the basis for a judgment that is much 
more surely founded than a vague clinical 
impressionism. 

It was to be anticipated that the es- 
timate of the degree of differential growth 
or development would be more informative 
than that of mere dimensional growth. 
Todd and Schweikher (29), have defined 
development in the skull as “‘differential- 
time-growth, invoking time as a fourth 
dimension, its characteristic being the 
adjustment implied by adjacent areas 
undergoing growth of different velocities.” 
That different component parts of the 
cranium and especially of the face, have 
different periods of active growth and 
different growth velocities is a fact that 
has long been recognized. A knowledge 
of the ‘‘time-tied” characteristics of the 
different cranial components is of the great- 
est importance in assessing the degree, 
not only of dimensional but especially 
of developmental growth in a skull at 
any given age; for it must be kept in mind 
that the two may not be synchronously 
active, and that differential growth may 
be most marked, normally, when general 
dimensional growth is least, an example 
of which are those facial changes which 
occur in the male face in late adolescence. 

The great practical value of this ‘‘time- 
tied’’ quality of cranial growth, to the 
clinician, lies in the fact that should there 
occur during growth, for any reason, a 
period of transitory over-activity, of 
greater or lesser length, the structures 
normally growing actively during such 
period will be the most affected, and mal- 
adjustment may occur with adjacent 
structures, whose growth at the time is less 
active. This local overgrowth and the 
mal-adjustment it produces will remain 
throughout life as a record, not only of the 
degree of the growth disturbance, but of the 
time at which it took place. 

The converse also is true, as Todd (30) 
points out in connection with the failure 
of thyroxin feeding to make good the cra- 
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nial defects produced by thyroidectomy in 
the growing sheep: “The date having 
passed for certain features of develop- 
mental growth without their appearance, 
these particular expressions are eliminated 
from the growth pattern—the missing de- 
tails are lost for good.’’ Apart from the 
“elimination” of certain features of cranial 
development, which results from thy- 
roidectomy and more especially from hypo- 
physectomy, there are many factors which 
may, temporarily or permanently, alter 
the differential growth pattern of the 
skull. 

The Lateral Skiagram.—The size of the 
skull, and the size of the face relative to 
the brain-case, are best appreciated from 
lateral skiagrams. Since these were taken 
routinely on a standard size film, an ap- 
proximate idea of size could be secured 
from the area covered by the lateral pro- 
jection, age and sex being taken into con- 
sideration. This impression of size can 
be better judged when 8 X 10 in. films 
are routinely used rather than larger films, 
as the outline is nearer the margins of 
the film. When two crania are of equal 
circumference the lateral projection of 
the dolichocephalic will give an impression 
of larger size than in the brachycephalic, 
but whether a deduction or addition should 
be made in judging the size can be seen 
by reference to the postero-anterior pro- 
jection, indicating to which type a skull 
belongs. Clearly this impression of size 
is of value in only extreme cases when it 
may be obvious that a given head is un- 
doubtedly “‘large’’ or ‘‘small.”’ 

Of greater value, in the lateral view, is 
the impression of proportionate size be- 
tween brain-case and face, the line of 
division being from the external auditory 
meatus to the supra-glabellar fossa. This 
proportion is dependent on age, sex, and 
the degree of development and con- 
dition of the dentition. According to 
Brash (31), in the adult the face represents 
about one-half of the bulk of the whole 
skull, whereas at birth it is about an eighth. 
From birth to adult size the brain-case in- 
creases in size about four times, while the 
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increase in size of the face is at least three 
times as great as the increase undergone 
by the brain-case, so that their velocities 
of growth are by no means either equal 
or synchronous. Over 75 per cent of the 
total increase of the brain-case has taken 
place by the seventh year, and nearly all 
of it by the fourteenth year, after which 
it continues to grow slowly until about the 
twentieth year. There are thus two pe- 
riods of progressive decrease in brain-case 
growth velocity. During the first the 
face, which, steadily growing coincident 
with the eruption of the permanent teeth, 
grows relatively faster and gains upon the 
brain-case, while the facial changes asso- 
ciated with puberty cause it to catch up 
still further throughout the remainder of 
the second decade, this latter change be- 
ing more marked in males. Brash’s state- 
ment is based on measurements from widely 
diverse sources. In the growth of the 
face itself, the chief change is in the pro- 
portion of the length to the breadth, so 
that the facial index, which expresses 
length as a percentage of breadth, rises 
from 86 per cent at the sixth year to 90.6 
per cent in the adult. 

Next for consideration in the lateral 
skiagram and of great importance is the 
calvarial contour. 

Apart from the variations in its shape, 
dependent upon the cephalic index of 
the individual, which most visibly affects 
the occipital part where dolichocephaly 
is most clearly seen, the contour is so in- 
fluenced by age and sex that its form may 
greatly help to throw light on these facts 
when they have not been made available. 
Before the age of puberty there is apt to 
be little difference with sex. Anteriorly, 
in childhood the contour rises almost verti- 
cally, and in certain cases may even seem 
to overhang slightly, owing to the domi- 
nating prominence of the frontal emi- 
mences in the earlier years, when the 
glabella and the superciliary regions are 
as yet unmarked, and when the upper or- 
bital margin is seen as sharp, while at 
the nasion there is a well marked incisura. 

In childhood the curve of the squama 


of the frontal bone, from the vertical to 
the more or less horizontal direction, is 
well rounded and somewhat more obtuse 
than a right-angle and reaches to about 
the bregma, the remainder of the vault 
being somewhat flattened as it rises to 
the vertex. With growth, and especially 
after adolescence in males, a profound 
change takes place in this anterior part 
of the contour, as part of a complicated 
adjustment incidental to associated changes 
in the masticatory part of the face. Ac- 
cording to Tracy (32), the contour changes 
are chiefly in the forehead and in the occip- 
ital bone, behind the foramen magnum. 
She showed that the parietal bone in the 
child grows forward till about the tenth 
year, when no further forward growth takes 
place at the coronal suture. Thereafter, 
the direction of growth in the parietal 
bone is backward, while the frontal bone 
tilts, so that what was once the most promi- 
nent part of the forehead becomes less 
prominent than the glabella. 

Keith and Campion (33), concluded that 
this tilting or rotatory movement of the 
frontal bone as a whole is produced by 
growth changes in the coronal suture, new 
bone being laid down in the suture 
margin above, while below, under cover 
of the temporalis muscle, resorption occurs 
and the parietal edge of the suture moves 
forward. Any failure of growth—or 
overgrowth—in any of the component 
parts of the base of the skull cannot occur 
without affecting profoundly the calvarial 
contour, and producing a definite degree 
of cranial dysplasia, of which the calvarial 
change is usually the most apparent ex- 
pression. 

In the post-pubertal period there is 
also a gain in vertical height of the brain- 
case, measured above the porion, which 
is more marked in males and helps to 
distinguish male from female crania. The 
female usually retains something of the 
flat quality of childhood in the vault con- 
tour as well as in the brow outline. A 
similar difference is found in the occipital 
part of the ¢alvarial contour, where in 
the adolescent male growth produces a 
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greater bulging behind the foramen mag- 
num, the fosse surrounding the cruciate 
eminence becoming more deeply convex 
outward, the sagittal sulcus deeper, and 
the internal occipital crest and _ pro- 
tuberance more prominent. In the occipi- 
tal contour, however, the external changes 
associated with the passage from youth to 
manhood are more easily seen, and coin- 
cide with the final cessation of brain growth. 
There is marked growth of the nuchal 
muscles, so that the prominent occiput of 
boyhood disappears, the curved lines be- 
come more prominent, and the external 
occipital protuberance and the mastoid 
processes become considerably better de- 
veloped. In the female these changes are 
less well marked as a rule. 

In acromegaly this natural transition 
may be carried to an extreme degree, the 
external protuberance and the curved lines 
being not only greatly increased by de- 
posit of new bone, but even being carried 
upward and backward on the occipital 
squama as much as from 8 to 10 millimeters. 
This movement may even change the 


direction of the superior curved line, making 
it more oblique to the horizontal plane of 


the skull. The degree of this backward 
movement can sometimes be brought out 
by comparing the level of the external 
protuberance with the internal. Ordi- 
narily, they are practically opposite each 
other on their respective surfaces of the 
bone, whereas in marked increase of nuchal 
attachment the external protuberance may 
be observed distinctly to be more highly 
placed than the internal. 

The occipital contour is profoundly 
altered in certain dysplastic conditions. 
It is here that there occurs the chief cra- 
nial lesion in achondroplasia. According 
to Keith (34), the cartilaginous part of 
the occipital bone in the achondroplastic 
is not only small at birth, but reaches 
maturity precociously. Thus the part 
of the squama above the curved lines, 
which alone is developed in membrane, 
comes to form the major part of the squama, 
and since the cartilaginous part fails to 
grow and becomes too small to accommo- 
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date a cerebellum of normal size, the grow- 
ing contents may push up the tentorial at- 
tachment till it comes to lie at the lambda. 

Also in acrocephalic crania there js 
shortening of the posterior fossa of the 
skull, with distortion of the occipital con- 
tour, together with a similar deformity 
of the anterior fossa, due to an arrest of 
growth at the spheno-ethmoidal junction. 
Compensatory growth upward results in 
“tower skull.’”’ Keith (34), describes two 
variations of this condition—‘“fronto- 
cephaly,”” in which the posterior fossa 
is small and the anterior large, compen- 
satory growth having gone frontalward, 
and “‘opisthocephaly,”’ in which the pos- 
terior fossa is large and the anterior small, 
so that compensatory growth produces 
height at the vertex and an effect of marked 
prognathism. He points out that such 
dysplasias in the cranium are part of a 
general dystrophy affecting the whole 
body and suspects an endocrine etiology. 
Premature sutural synostosis is also a 
feature in these conditions, in which 
connection it is interesting to note that 
Bolk (35) suggests the possibility of very 
early closure of the sagittal suture being 
the cause of the condition known as 
“scaphocephaly.” 

Finally, the occipital contour, like the 
rest of the calvarial contour, may remain 
infantile and undifferentiated, as is seen 
in crania in progeria (36), cretinism, and 
dwarfism of pituitary origin. 

Thickness and Structure of the Calvaria. 
—In conjunction with the study of the 
calvarial contour, in the lateral skiagram, 
the thickness of the cranium in its different 
parts and its architectural structure—the 
first in large measure depending on the 
second—require consideration. Despite 
the facts that cranial thickness is known 
to vary markedly, not only between 
crania but in different parts of the same 
cranium, that there are also variations 
with age and sex, and that authoritative 
figures for average thickness at specific 
sites are by no means abundant, we have 
found the impression of cranial thickness 
and structure derived from the lateral 
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skiagram a datum of judgment of the 
greatest value. It has to be kept in mind, 
however, that distortion is inevitably 
present in the skiagram, an important 
factor in this being the distance of the 
yault from the film, for which reason we 
now prefer for the lateral skiagram the 
use of the Lysholm grid, which means 
the interposition of a thickness of only 
5 mm. between the head and the cassette. 

An example of the actual degree of dis- 
tortion found in the skiagram of a cal- 
varia, taken with the standard technic 
used in this laboratory, may be cited here, 
the abnormal specimen shown in Figure 
10 (Part I) being used. The film lay in 
the cassette 4 mm. beneath the tube-side 
surface. Above the cassette was a Lysholm 
grid 5 mm. thick, and above this was sup- 
ported the calvaria in true lateral position, 
and just clearing the grid. The anode-film 
distance was 30 in., the tube being cen- 
tered over the estimated position of the sella 
turcica. 

The calvaria had previously been marked 
with pencil at eight corresponding sites 
on both the outer and inner tables (Table 
I), and at these, small pieces of fine lead 


TABLE I 
16.25mm. 16.5mm. 1.5 % plus 


0.4 % less 


0.9 % plus 
2.04% plus 


2.94% plus 


1. Glabella 
2. 4/3 Glabella- 

bregma. 12.05 12. 
3. 2/; Glabella- 

bregma 10.90 11.0 
4. Bregma 9.8 10.0 
5. 1/, Bregma- 

lambda 10.2 10.5 
6. 1/, Bregma- 

lambda 12.0 12.0 
7. 3/, Bregma- 

lambda 11.45 11.50 
8. Lambda* 11.8 12.5 


*The greater distortion at the lambda is possibly 
due to the centering of the tube over the sella, 7.e., 
forward of the center of the calvaria. 


0.43% plus 
5.9 % plus 


wire had been closely applied to the bone 
in the median sagittal plane, thus de- 
limiting in the skiagram the actual thick- 
ness of the cranium at the eight sites. 

One observer measured on the film the 
intervals between the inner limits of the 
shadows of the eight pairs of wire frag- 
ments, reading to a tenth of a millimeter on 


a precision slide micrometer, while another 
independently measured with an anvil mi- 
crometer the exact thickness of the skull at 
the pencil marks (Table I). Thus we made 
it a practice to consider the possibility of a 
distortion of roughly 10 per cent. That 
a calvaria actually 5 mm. thick should 
be made to appear even 6 mm., is not 
a serious matter. 

Beadles (22), who worked with necropsy 
material and whose measurements were 
consequently made at the saw cut and 
not in the sagittal plane along the vault, 
accepted as normal calvarial thicknesses 
varying “roughly” from an eighth to a 
quarter of an inch, but where he did not 
indicate except at the parietal eminences, 
where thicknesses of from two to three six- 
teenths of an inch were regarded as normal. 
He held the male cranium to be somewhat 
thicker than the female and believed that 
there is a tendency to increasing thickness 
with age. From his autopsy measure- 
ments and those of three other authors—in 
all, well over two thousand cases—he con- 
cluded that in the insane there was a 
much greater want of symmetry of out- 
line in the cranium and a much greater 
variation in thickness than in the sane. 

Keith (21), took the normal calvarial 
thickness to vary from 5 to 7 millimeters. 
Todd (87), from 448 male white crania 
accurately measured, gives the following 
averages for adults: glabellar area, 11.3 
mm.; vertex, 5.9 mm.; euryon (parietal 
eminence), 3.6 mm.; opisthion (posterior 
margin of foramen magnum), 5.7 mm. He 
found that the cranial thickness does in- 
crease slightly with age, up to sixty years, 
but thereafter there is no real evidence of 
any normal change. He found no evi- 
dence to support the old view that the skull 
becomes lighter with age. He did find, 
however, evidence of ‘‘sporadic thickening 
of the cranium” after fifty, and also evi- 
dence that the frontal sinuses, which enter 
into his glabellar measurement and show 
extreme individual variability, do not 
appreciably increase in size during adult 
life. He found that skull thickness was 
of the same high order of variability as 
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he had demonstrated in scalp thickness 
(38), from which he concluded that ‘‘it 
could not be under specific natural con- 
trol as many dimensions seem to be.” 
Krause (39), in 1879, gave the thickness 
of the external occipital protuberance as 
about 15 mm., but this, depending as it 
so largely does on muscular action, is ex- 
tremely variable and not of great sig- 
nificance with reference to the thickness of 
the rest of the calvaria. 

In the lateral skiagram the adult cal- 
varia is thickest in front just above the 
frontal sinuses, and from this point it 
gradually tapers off progressively to the 
coronal suture. It is common to note a 
slight diminution in thickness, appearing 
almost like a local buckling of the inner 
table, at the curve of the brow where the 
direction passes from vertical to horizontal. 
The thickness is somewhat less at the coro- 
nal suture and continues so in the an- 
terior part of the parietal bone, again in- 
creasing toward the vertex and especially 
as the lambdoid suture is reached. Here 
the eye is apt to be deceived as to the thick- 
ness by the super-imposition of shadows 
produced by varying degrees of curvature 
in the flatter occipital part, especially if 
there is marked asymmetry in this re- 
gion. The variation in thickness, as the 
calvarial contour is followed backward, 
is characteristic, and absence of this varia- 
tion, as when the whole contour appears 
to have the same regular thickness, usually 
connotes a pathological change. 

Structurally, the three tables of the nor- 
mal calvaria are usually clearly distin- 
guishable as far back as the inion or even 
somewhat beyond. For the greater part 
they appear as three zones markedly dif- 
ferentiated in density, the inner table being 
highly radiopaque compared with the 
outer table, which in turn is considerably 
denser than the diploe, the red-marrow 
filled cancellous tissue which is comparable 
to the medullary cavity of along bone. It 
contains the vascular return bed, the large 
diploic veins lying in channels in the can- 
cellous bone with irregular pouch-like 
dilatations, both of which can sometimes be 
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seen in skiagrams of very vascular, some- 
what poorly calcified crania, found mostly 
in youth and characterized by a relative 
increase in diploe. Before closure of the 
sutures they are confined to the bones 
they drain, but after union, when the 
sutures are “‘obliterated’’ they anastomose 
with those in adjacent bones and increase 
in size, except in the case of the occipital 
group which are confined to that bone (40). 
Their pouch-like dilatations can some- 
times be seen like lacune in the diploe of 
the frontal and parietal bones, and when 
large may be mistaken for local patho- 
logical conditions. 

The blood supply of the outer table is 
from the vessels in the deep layer of the 
periosteum; that of the inner from those 
in the endosteal layer of the dura. Growth 
in the bones of the vault, as in all cranial 
bones, is much more a matter of surface 
resorption and deposition than of addition 
at suture lines, as was clearly proved by the 
evidence found in the frontal and parietal 
bones of pigs fed with madder in early 
growth by Brash (31), a fact which, as 
that author points out, had been presumed 
by Senff, in 1801, when he applied the 
principles of bone growth enunciated by 
Hunter to explain growth in the flat cranial 
bones and the development of the frontal 
and sphenoid sinuses. 

During active growth in bone it is ax- 
iomatic that wherever there is activity 
there is found a high degree of vascularity; 
there is decalcification around existing 
vascular channels so that these are opened 
up and cellular activity is increased. The 
effect of this in calvarial bones is absolutely, 
and for a time also relatively, to increase 
the amount of diploe, and by the process 
of resorption-deposition to enlarge or 
“expand” the intertrabecular spaces; so 
that one is justified, for convenience of 
description of a diploe which has passed 
through this process in a marked de- 
gree, to use the term “‘diploic expansion,” 
it being clearly understood that the term 
does not mean that type of “interstitial 
expansion” of bone which Duhamel in the 
eighteenth century held to be the basic 
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mode of growth in bone, a view with 
which Hunter disagreed. 

Such diploic expansion in marked de- 
gree, with increased vascularity, is a char- 
acteristic early change in acromegaly, 
and in a previous paper (28a) one of us 
(H. M.) showed that, in the white rat, the 
operation of hypophysectomy in the young 
animal is rapidly followed by disappear- 
ance, in the skiagram, of the diploic table 
from a considerable portion of the cal- 
varia, and that this can rapidly be restored 
by the administration of a purified soma- 
totropic hormone from the anterior hy- 
pophysis. From the point of view of es- 
timating the present or past growth ac- 
tivity in any calvaria, we have found the 
amount of diploe, seen in the skiagram, 
relative to the thickness of the other two 
tables to be a guide of the first importance. 

The presence of diploe as a rule cannot 
be detected in the lateral skiagram until 
about the second year of life, when the in- 
creasing differentiation of the other two 
tables leaves a fine radioparent zone be- 
tween them. With the rapid growth of 
the skull in the early years of childhood, 
the degree of calcification in the other two 
tables remaining low, the relative amount 
of diploe increases and it forms a consider- 
able part of the total thickness of the bone. 
This fact is of considerable practical im- 
portance, for when the diploic table is 
poorly developed, either from aplasia of its 
own constituent structure, or when it suffers 
secondarily from obliteration by pressure 
from within the skull, the outer and inner 
tables come to lie closer to each other 
over the convexities of the cerebral con- 
volutions, thus producing in the skiagram 
the appearance known as “convolutional 
impressions” or ‘‘convolutional atrophy.” 
These by their presence may indicate in- 
creased intracranial pressure, in which 
case in the young there will usually be 
spreading of sutures, or mere absence 
of vigorous growth in the calvarial bones, 
which may or may not be significant. The 
condition may be seen in a number of 
young crania in which it means no more 
than that the skull is thin. 
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The changes in the diploe of the frontal 
bone are of special importance since not 
only are they greater in amount than else- 
where in the calvaria but it would appear 
that the progress of both normal and ab- 
normal growth finds in it a more immediate 
and permanent expression. The reason 
for this may possibly lie in a relatively 
more unstable growth pattern produced by 
a train of both phylogenetic and onto- 
genetic circumstances. In man it has 
had to adjust to a very recent and a much 
more extensive increase in frontal pole 
neopallium than in any other primate, 
and the time necessary for this new pattern, 
acquired in evolution, to become fixed 
may not yet have elapsed. Superimposed 
upon this potential weakness are the pro- 
longed and complex adjustments necessary 
to meet the needs of a brain that grows 
early and rapidly, and of a masticatory 
apparatus that grows in one sense even 
more vigorously but non-synchronously 
with the brain. 

During the period of lagging dimensional 
growth of the brain-case, that goes on from 
puberty, it has progressively to consolidate 
its structure to final adult form, the achieve- 
ment of which is signalled by the first spurt 
of suture closure. Structurally this con- 
solidation consists of the building up of 
adequate inner and outer tables on the 
framework of the middle, after which an 
adequate diploic remainder fulfills the per- 
manent circulatory vascular and hemato- 
poietic functions. Throughout the whole 
of its growth and differentiation and there- 
after all three tables are plastic. All reflect 
the level of general calcium metabolism 
in so far as the reserve may be increased 
or diminished, and in this sense may be 
used as an index. The middle table, in 
addition, may show trabecular resorption 
as a result of hematopoiesis, a fact that 
must be borne in mind, especially in chil- 
dren, when it is important not to mistake 
for evidences of overgrowth what is a re- 
action to an anemia. At adolescence girls 
are usually ahead of boys in differentiating 
and consolidating the calvarial bones, but 
in them the bone is normally somewhat 
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less thick and there is a somewhat earlier 
acquisition of a dense inner table. Es- 
pecially throughout the latter part of 
the second decade the male calvaria con- 
tinues to grow and differentiate. 

As the inner table becomes fully grown 
attachments of the falx are better seen 
and add apparent thickness to the inner 
table, especially in front at the frontal 
crest. Also the meningeal grooves become 
more apparent. If, however, the calcify- 
ing process is excessive, it may extensively 
invade the attached border of the falx on 
the one hand, or the diploe may become 
impregnated with calcium, producing a 
condition of sclerosis of the calvaria. This 
is more frequent in women and increases 
with advancing years. Thus the appear- 
ance and thickness of diploe in the skia- 
gram largely depends on the degree of cal- 
cification of the inner table. The converse 
also is true. 

We have observed, for instance, during 
the adolescent years when remodelling 
is taking place actively in the glabellar 
region, with resorption of trabecule oc- 
curring ahead of the advancing frontal 
sinus, that the diploe just above the 
sinus is not only increased in amount, 
thickening the bone, but that its structure 
appears finely cancellous or “‘lava-like,” 
the upper part of the bone being inade- 
quately differentiated. This would appear 
to beentirely normal. Itisnot uncommon, 
however, at this age, especially in over- 
growing adolescents, to find the greater 
part of the calvaria showing this lava-like 
diploe. In such cases the inner table is 
usually thin and poorly calcified, so that 
on the more lateral portions of the frontal 
and parietal bones, this lava-like diploe 
registers through the inner table and gives 
to the bone a mottled appearance. In 
such a skiagram the inner table is only a 
fine opaque line, the outer table is scarcely 
visible, and the cranium seems almost 
homogeneous in structure—throughout its 
thickness—which thickness seems con- 
stant in all the calvarial bones. Such a 
skull, even at a very early age, never shows 
convolutional markings; the diploic veins 
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are not visible, although the meningeal 
grooves may be faintly apparent. While 
its dimensional growth is excessive it js 
obvious that such a calvaria is poorly dif- 
ferentiated. That such diploe is very vas- 
cular and active in growth is almost cer- 
tain; but although the possibility does 
arise that it may subsequently undergo 
normal differentiation, we are for the pres- 
ent inclined to regard it as a permanent 
hyperplastic manifestation because of its 
great structural similarity—in fact, ap- 
parent identity—to that found in Type 1 
acromegaly, and because we have found 
it persisting in late life in crania showing 
other evidences of a past stage of hyper- 
pituitarism. Whether it may occur as a 
transient stage, in growth, subsequently 
undergoing differentiation to normal struc- 
ture, can be settled only by following such 
a case in a series of skiagrams, from 
the time of first recognition to well into 
adult life. We feel that we are further 
justified in regarding crania presenting 
such hyperplastic diploe as abnormal by 
the fact that it is in this type of young cal- 
varia that we have observed those cases 
of premature synostosis of the coronal 
suture which we shall presently discuss. 

Condition of the Vault Sutures.—It would 
appear that there is some relationship be- 
tween the closure of the vault sutures and 
the shape of the cranium although this 
may be very slight under normal conditions 
of growth. We have already referred to 
premature closure of the sagittal suture as 
a suggested explanation of certain cases 
of scaphocephaly as an example of this 
relationship. 

In the lateral skiagram the coronal and 
lambdoidal sutures are usually visible, 
especially in young crania, although the 
details of the sagittal suture are lost in 
this projection; the last, however, in the 
young, can usually be made out in the 
postero-anterior view, as can also the me- 
topic suture before the age of eight and 
later in those cases in which it remains 
permanently. 

In infancy, the sutures are as a rule 
easily visible as radioparent zones be- 
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tween the adjacent bones, which are still 
poorly calcified. 

At this time, the radioparent zone be- 
tween the adjacent bones is relatively at 
its widest, the degree of calcification at 
the margins of the bones being somewhat 
less than elsewhere in them. Serrations 
and denticulations are at first not apparent 
at the coronal, and only poorly defined in 
the lambdoidal, suture. The increasing 
calcification that comes with growth in- 
creases definition, particularly in the 
lambdoidal whose deep denticulations be- 
come very prominent, especially at the 
lateral angles of the occipital bone, where 
they provide a marked contrast with the 
much less serrated occipito-mastoid suture. 
A fact that contributes to the clear defi- 
nition of the lambdoidal suture lies in 
the bevelling of the inner table of the oc- 
cipital and outer table of the parietal, 
bringing the axis of the suture from inner 
to outer table almost parallel to the path 
of the rays. 

The coronal suture, except in the pars 
bregmatica, is not so easily seen. The 
part of it close to the median sagittal plane, 
due to bevelling of the inner table of the 
frontal bone and of the outer table of the 
parietal bones, appears as an obliquely 
placed radioparent zone running backward 
and upward from inner to outer table. 
Some serrations are visible in the upper 
part of the pars complicata, but lower down, 
owing to the marked bevelling of the outer 
table of the frontal and inner table of the 
parietals, and to the fact that in this site 
the bones are naturally thinner and hence 
relatively over-penetrated, the definition 
of the suture in most skiagrams is poor. In 
the second decade, evidence of changes 
preparatory to suture closure are often 
seen in the upper part of the suture—a 
tortuous area of increased density in- 
dicating the serrations. This to the casual 
observer may indicate closure, but care- 
ful inspection, preferably of stereoscopic 
skiagrams, will show that the suture is 
still visible as a fine radioparent line in 
the denser area. 

It is not possible in the skiagram to dis- 


tinguish between closure of ectocranial 
and endocranial sutures, and this is not 
a matter of importance since, according 
to Todd and Lyon, on whose exhaustive 
study of endocranial and ectocranial suture 
closure we rely for our standards in this 
question (41, 42), found that closure in 
general makes itself evident on both as- 
pects of the skull at one and the same date. 
They point out that the belief that 
endocranial closure precedes ectocranial 
is without real foundation. They found 
there was an orderly sequence in the prog- 
ress of suture closure and that sex, race, 
cephalic index, and cranial capacity affect 
this age sequency only in minor degree 
or not at all. The sequence is sagittal, 
coronal, and lambdoidal, and the years 
from 26 to 30 form the period of election 
for both ectocranial and endocranial closure 
but that time-linkage is more obvious in 
the progress of endocranial union. 

The first suture to close in the human 
cranium is the metopic, union in which 
coincides with the time at which the dif- 
ferent parts of the occipital unite with each 
other, 1.e., about the fourth year. The 
significance of this is apparent. 

Next, about the eighteenth to twentieth 
year the synchondroses of the cranial base 
—notably the spheno-occipital or basal 
suture—close. Bolk takes this closure 
of the latter as the criterion of the ‘‘adult”’ 
condition of any individual skull. This 
is quickly followed by the onset of closure 
of the most primitive part of the vault. 

The Sagittal Suture—Todd and Lyon, 
in studying closure in this suture, divide 
it into four parts. They found that the 
first closure occurs on the outside of the 
skull in the pars obelica (the part associ- 
ated with the parietal foramina), situated 
between the pars lambdica and pars verticis, 
at the age of 20, closure on the inner aspect 
of this part following about a year later, 
by which time closure has also begun on 
the outer aspects of the pars lambdica and 
pars verticis. By the end of the twenty- 
third year it has spread to the inner aspect 
of all the other parts of the suture, while at 
the outer aspect of the pars bregmatica there 





288 


is a lag until 26. The pars obelica isthe first 
part to reach complete union on both sides 
at 29. Progress is slower in the other three 
parts on both aspects until the twenty-sixth 
year, when a spurt takes place lasting till 
30, so that by 31 the inner aspect is prac- 
tically completely closed, and complete 
at 35, while on the outer, with closure about 
three-quarters achieved, the subsequent 
tendency is toward failure of completion. 

The Coronal Suture —In commencement 
and completion of closure this suture lags 
behind the sagittal, with, however, a 
marked similarity in course of its partes 
bregmatica and complicata with that of 
the partes lambdica, verticis, and breg- 
matica of the sagittal. In those two 
parts closure begins at 24 years on the inner 
aspect and at 26 on the outer. From 24 
to 26 on the inner aspect the process is 
gradual, and from then to 29 the progress 
is marked on the inside as it is also on the 
outside, except in the complicated part, 
where it is slow. Closure is complete on 
the inside by 38, while on the outside lapsed 
union is the rule. 

The Lambdoidal Suture.—Both in- 
side and outside the skull at this suture 
progress keeps pace very evenly. Both 
really begin at 26 and make sharp prog- 
ress till about 31, when inhibition seems 
to occur, markedly affecting the outer 
table, where lapsed union is well marked. 
Final closure of the inner side is about 42. 
On the outside there is apt to be in both 
the partes lambdica and media an evanes- 
cent and spurious closure at the twenty- 
first year. 

These authors emphasize the clearly 
marked effort at closure which appears in 
the early twenties, and which they called 
“spurious effort.’ They found that if 
a suture shows no effort at closure by 22 
years, it will not start activity till 26. 
Those that so react, do show spurious 
effort, they consider are ‘‘ripe’’ to be caught 
in the last wave of union activity, which, 
as Stevenson (43) showed in the case of 
epiphyses, undergoes a marked decline in 
the early twenties. 

In brief, it might be said that the series 
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of cranial skiagrams was studied in the 
light of the main categories of change noted 
in acromegaly, special attention being 
given to any apparent evidence of dis- 
turbance of dimensional, differential, or 
structural growth, which might suggest an 
acromegaloid tendency or the reverse. 
Dysplastic Types Found.—Out of a total 
of 2,950 cranial skiagrams examined, 494 
(16.7 per cent) presented appearances 
which justified their being regarded as 
abnormal. When their identity was dis- 
closed, their diagnoses from the physio- 
logic examination being supplied, it was 
seen (Table II) that of them three-quarters 


TABLE II.—CRANIAL DYSPLASIA: 
DIAGNOSES 


BASIC 


Diagnosis: 


j established 185 
Pituitary ) 7 


‘probable’ 47 
| “‘possible’ 49 


281 
Lesions of the ) 
central ner- 70 
vous system f 
Ovarian failure 


86 


Thyroid failure 34 
Non-endocrine 93 


127 25. 


had suffered from conditions more or less 
directly attributable to disturbance of 
pituitary function. A fact of obvious 
significance was that 281 cases, or 56.9 per 
cent of all the dysplastic, had already and 
independently been diagnosed as of pitui- 
tary origin. The words ‘“‘probable’’ and 
‘possible’ require explanation. The 
former means that, on summarizing the 
case after study, for the benefit of the 
referring physician, it had been pointed 
out that, in the absence of definitely 
ascertainable organic disease, the abnor- 
malities in the objective physiologic data, 
derived from the patient, showed the proba- 
bility of there being a pituitary origin, 
although there was lacking that degree of 
definition which would have justified an 
“establishment” of pituitary diagnosis. 
Similarly, “possible” means that the diver- 
gence from normality of the physiologic 
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data, together with the clinical picture, 
could best be explained on the ‘‘assumption 
of the possibility’ of a pituitary factor. 
In this group were certain cases in which it 
had been felt that the study had been 
insufficient, for one reason or another, and 
further studies had been suggested but had 
not been done. It should, however, be 
realized that such an opinion is arrived at 
neither lightly nor on evidence which 
would not compare well with such as is 
frequently offered as the basis of sound 
clinical opinion in consulting practice. 
The significance of such ‘‘possibility’’ is 
enhanced when it is recalled that in all 
cases this caption had been applied prior 
to, and independently of, the recognition 
of the cranial dysplasia, which could 
justifiably be regarded as a further link in 
an admittedly incomplete chain of clinical 
evidence. 

The 70 cases under the caption ‘‘Lesion 
of the Central Nervous System”’ are of 
great interest. They include no cases of 


pituitary tumor, but do comprise cases 


referred as suspected endocrinopathies, in 
which the abnormalities in the physiologic 
findings have not been considered from the 
standpoint of endocrine diagnosis owing to 
discovery in the routine neurologic exami- 
nation of symptoms indicative of damage 
to the cranial contents, either by trauma or 
disease. In this category were a signifi- 
cant number of cases of accidental trauma, 
sometimes of long standing, birth trauma, 
both from difficult labor and forceps 
injuries, and cases of definite or suspected 
extra-sellar neoplasm. In view of the 
suspected complicity of certain extra-sellar 
conditions in the production of certain 
clinical “‘pituitary’’ syndromes, we feel 
it justifiable to include in this group, for 
purpose of etiologic consideration, these 
70 cases. 

Finally, there were 16 female cases in 
Which there was definite evidence of dis- 
turbed pituitary function in the past, but, 
since they had undergone castration for 
local disease of the ovaries, had been justi- 
fiably classed, for reference purposes, as 
“ovarian failure.”’ 


If we group together the cases bearing 
diagnoses under these three headings, for 
the reason that they either have, or may 
reasonably be presumed to have, a common 
pituitary factor in their ultimate etiology, 
we find that we thereby account for 74.3 
per cent of those cases which, from their 
differential or developmental — cranial 
growth and structural architecture, we 
have found to be dysplastic. 

Of the remainder, thyroid disability 
accounts for only 6.9 per cent (34 cases) 
and 18.8 per cent (93 cases) belong to a 
group in which at the time of study, no 
abnormal endocrine condition could be 
found. But it should be noted that this 
fact does not preclude the possibility of 
endocrine disability in the past, which, 
although it may have left stigmata in the 
cranial structure as part of the growth 
record, may have been recovered from, the 
cranial deformity remaining, while the 
level of physiologic function became nor- 
mal. 

That cranial dysplasia can serve as a 
criterion by which to group cases with some 
common etiologic background which dif- 
ferentiates them from the average run of 
patients in an institution where the popu- 
lation is admittedly special (in that some 
60 per cent are endocrine cases), can be 
seen from Table IIT. 


TABLE III.—CRANIAL DYSPLASIA: 
ETIOLOGIC COMPARISON 
Series 
Control X-ray 
4,000 494* 
30.6% 56.9% 
5.2% 14.2% 
11.7% 3.2% 
47.5% 74.3% 
14.6% 6.9% 
35.0%t 18.8% 


Diagnosis 
Number 
Pituitary 
Lesions of central nervous system 
Ovary 


Total 
Thyroid 
Non-endocrine 


* From series of 2,950 cases. 
+ Additional endocrine cases were 1.9 per cent. 


Using the total cases recorded as con- 
trol material with which to compare those 
showing cranial dysplasia, certain impor- 
tant facts become apparent. First, pitui- 
tary disabilities are nearly twice as frequent 
in the dysplastic group as in the control 
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Fig. 15.. Type 1, cranial dysplasia. 
pituitary dysfunction. 
Fig. 16. Type 1, cranial dysplasia (E-2448). 


group. Second, lesions of the central 
nervous system are nearly three times as 


frequent, and third, ovarian trouble is 


three times less frequent. In short, these 
three groups, while accounting for nearly 
half of the general run of cases, represent 
practically three-quarters of the dysplastic 
group; and this difference is chiefly due to 
the relatively greater number of cranial 
dysplastics who suffer from pituitary con- 
ditions. 

A point which adds to the significance of 
these figures is that thyroid disability is 
less than half as frequent in the dysplastic 
as in the normal run of patients in this 
special hospital. Furthermore, since the 
problem of the factors influencing and 
controlling head-form and growth are of 
great interest, not only to the endocri- 
nologist but to the anthropologist, the com- 
parative anatomist, and the orthodontist, 
we find a fact on which we wish to lay 
stress—that in a relatively large series of 
cranial dysplasias, derived from a larger 
number of cases, fully studied physio- 
logically, the disturbance of cranial growth 
and structure is eight times more fre- 
quently associated with pituitary than with 


Male, aged 52 years, a subacromegalic type (E-2448). 


Evans diagnosis: 


An extreme example of hyperpneumatization of the face. 


thyroid disabilities; and, if we include 
those conditions which reasonably may be 
expected to act through, or to be associated 
with, a pituitary mechanism, then the 
frequency is almost eleven times greater. 
Types of Cranial Dysplasia.—It was 
found that the dysplastic crania could be 
arranged into four main groups, two of 
those being associated with hyperfunction 
of the anterior lobe of the pituitary, and 
two with hypofunction (Table IV). Since 


TABLE IV.—CRANIAL DYSPLASIAS 
OF PITUITARY ORIGIN 


Cancellous overgrowth producing: 
Hyperplastic diploe 
Hyperpneumatization of face 
Prognathism 
(or “‘Progeniacism’’) 

Type 1 change plus secondary sclerosis 

Inadequate growth of cancellous bone leading 

to: 


Type 2. 

Type 3. 
Hypoplastic diploe , 
Hypoplastic paranasal sinuses 
Hypoplastic face and jaws 
(“Progeniacism’”’) 

Type 4. Type 3 failure plus secondary sclerosis 

women form the larger portion of the popu- 

lation of such a special hospital the fact 

that twice as many female cases occur as 


male may lose some of its significance, 
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Fig. 17. 
Fig. 17. 
pituitary dysfunction. 
Fig. 18-A. Type, 1, A, cranial dysplasia. 
dysfunction. 


although the sex-ratio of the population 
does not completely account for the dif- 
ference in percentage occurrence. Apart 
from ovarian trouble, women are more 


often the subjects of endocrine disease 


than men. In acromegaly, however, in 
1,319 cases, Atkinson (23), gives the males 
affected as forming 51 per cent of the total. 

In the Type 1 change, which might al- 
most be considered as a minor degree of 
Type 1 acromegalic change (subacro- 
megalic), there is a definite preponderance 
in favor of the males. The characteristics 
of this type are, that in an adult the head 
is apt to be ‘‘large,’”’ while in a younger 
person it may be large only relative to 
the age of the patient. The face is always 
well grown and may even form something 
more than half of the mass of the total 
cranium. As in acromegaly, the over- 
growth may affect either the upper, 
middle, or lower thirds of the face, or all 
three. Associated with this is an over- 
development of certain or all of the para- 
nasal sinuses, and frequently the mastoid 
air cells are similarly affected. Such 
findings often give a clue as to the date 
at which the hyperpituitarism was active. 

In general, it may be said that there is 
hyper-pneumatization of the face. In 


Type 1, cranial dysplasia (E-2383) with true prognathism in a girl aged 15. 
Male, aged 14 years (E-2762). 
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Fig. 18-A. 
Evans diagnosis: 


Evans diagnosis: pituitary 


cases in which the whole masticatory ap- 
paratus has suffered, prognathism results; 
while, if the mandible is involved alone 
or is affected to a considerably greater de- 
gree than the maxilla, progeniacism re- 
sults. There is a generalized overgrowth 
of cancellous bone throughout the whole 
cranium and this is most clearly noticeable 
in the diploe of the frontal bone, which is 
excessive in amount and frequently has 
a finely porous or ‘‘lava-like’”’ structure. 

In young persons, in whom overgrowth 
takes place rapidly, the above picture may 
undergo modification in that the cal- 
varia may be actually thinned out by the 
rapid growth of its contents. This we 
recognize as Type 1, A. 

In this group we have 75 cases of 17 
years of age and under, 42 males and 33 
females, 22 of whom (11 males and 11 
females) showed premature synostosis of 
the coronal suture. This could jus- 
tifiably be considered as an atavistic re- 
version to the anthropoid type, entirely 
consistent with the general admittedly 
atavistic character of the acromegaloid 
type of overgrowth, in which differen- 
tiation is seriously impaired. 

Type 2 is characterized by the per- 
sistence of changes of the Type 1 order, 
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Fig. 18-B. Type 2, cranial dysplasia. Female, 
aged 42 years (E-2955). Evans diagnosis: hypo- 
pituitarism (obesity; weight, 300 pounds). 


modified in their final picture by a sclerosis 
which has occurred secondarily and which 
the clinical evidence shows is associated 
with the hypofunctional phase which is 
so apt to follow the period of hyper- 
function. There are almost ten times as 
many females as males in this group. 

Type 3 is characterized? by failure in 
both growth and differentiation. As a 
consequence, the cranium remains largely 
infantile in type. The brain-case is small, 
with poorly differentiated calvaria in which 
the middle table, in the skiagram, can 
be made out only with difficulty. The 
face suffers even more than the brain- 
case. The brow retains the verticality 
of infancy in the female, while in the male, 
in moderate degrees, it resembles more 
the female in outline. The frontal si- 
nuses are poorly developed and as a rule 
have not grown above the nasion. The 
face fails both in vertical and forward 
growth, so that the antra and the cir- 
cumnasal part generally is markedly hy- 
poplastic. The teeth are crowded and 
there is apt to be true progeniacism. A 
similar appearance occurs in the hypo- 


? Careful distinction must be made between Type 3, 
Acromegalic Change (the third type of cranium found 
in the acromegalic material), and the clinical Type 3, 
Cranial Dysplasia. The former actually serves as the 


prototype of Type 4, Cranial Dysplasia. There was 
nothing in the acromegalic series corresponding to 
Type 3, Cranial Dysplasia. 


Fig. 19. Type 3, cranial dysplasia. Male, 
aged 39 years (E-2967). “Shows ‘girdle adipos- 
ity,’ has sparse pubic hair, and a harsh, deep- 
pitched voice. He is married and, it is stated, 
has a son.” Evans diagnosis: pituitary dwarf- 
ism. 


physectomized rat and the general char- 
acteristic is insufficiency of growth in 
cancellous bone. In the rat we have 


TABLE V.—SEX DISTRIBUTION 


Male Female Total 

157 117 274 
’ 13 117 130 

< 10 9 19 


é 5 66 cil 


Type 


185 309 494 
37% 63% 
* Sclerosis a feature, ten times more frequent in 
women. 


Totals 


been able to make good this defect and 
even to produce a relative hyperplasia 
by the exhibition of a purified somatotropic 
hormone extracted from the anterior pitui- 
tary. 

In Type 4 the hypoplasia is usually of 
a less degree than in Type 3 and the 
characteristic appearance is produced by 
well marked sclerosis of the bone. This 
is particularly well seen in the inner table 
of the frontal bone where large exostoses 
may be found even in relatively young 
persons. In our series it is more than 
twelve times more frequent in the female 
and, in the great majority of cases, it 1s 
associated with that type of hypopitul- 
tarism that results in well marked adi- 
posity, which tends especially to have 
a girdle distribution. 
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Fig. 20. 
Fig. 20. Type 3, cranial dysplasia. 
cranium is more dense. 
dwarfism. 
Fig. 21. Type 4, cranial dysplasia. 
weighed 600 pounds; present weight, 400 pounds. 
pituitarism, with obesity. 


In taking Types 2 and 4 together, since 
both of these are characterized by sclerosis, 
we find that this condition is ten times 
more frequent in the female than in the 


male. Even when there are no exostoses, 
there results, as a rule, a well marked 
thickening of the calvaria and it is well to 
remember that Todd has shown that there 
would seem to be absent, in the determina- 
tion of skull thickness, factors similar to 
those which tend to limit man in his other 
cranial dimensions. There are factors 
at work which limit man in his height, 
which would seem to be lacking in his 
girth. Clinically, in these patients, we 
find the two conditions in frequent associa- 
tion. Experimentally, one of us (28a) has 
shown that a similar calvarial sclerosis can 
be produced by such treatment as renders 
a hypophysectomized rat resistant to the 
ketogenic effect of certain anterior lobe 
extracts. We are inclined to the view 
that it is a failure in this direction, oc- 
curring spontaneously, which is anetiologic 
factor in the production of Type 4, cranial 
dysplasia. * 

*Since this work was done, it has become routine 
Practice to use a step penetrometer when cranial skia- 


grams are taken, the radiograph of which, on the same 
» Serves not only as an aid to the objective judg- 


Female, aged 22 years (E-2960). 
This might be considered as a transitional type. 


Female, aged 18 years (E-2956). 
Note the frontal sclerosis. 
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Fig. 21. 
Compared with E-2956, the 
Evans diagnosis: pituitary 


Patient claims she formerly 
Evans diagnosis: hypo- 


ment of relative densities in different parts of the 
skull, but also indirectly to indicate the technic used in 
making the skiagram, when this is not known. 

This penetrometer consists of seven steps. The 
bottom step consists of two pieces of 99.24 + per cent 
pure rolled sheet aluminium (British Aluminium Com- 
pany), 12 cm. long by 2.5 mm. broad and 5 mm. thick. 
Between these two are two pieces of commercially pure 
electrolytic rolled copper 1 mm. thick; the lower of 
these has the same length and width as the two alu- 
minium strips between which it lies. The upper piece 
of copper has the same thickness and length as the lower, 
but only half its breadth and so covers only one-half 
of the step. The second aluminium step has the same 
thickness and width as the first, but is 20 mm. shorter, 
and the succeeding five steps are each, in turn, 10 mm. 
shorter than the preceding. The seven steps are bolted 
firmly together at the end. 

Thus, one longitudinal half of the penetrometer 
consists of eight strips of aluminium, each 5 mm. 
thick, plus two strips of copper, each 1 mm. thick, 
while the other longitudinal half is 1 mm. of copper less 
thick. 

By the combination of the two metals a penetrometer 
of convenient dimensions (42 mm. high) is obtained, 
which, if made in aluminium alone, would have a maxi- 
mum thickness of approximately 70 mm. of alu- 
minium—an impracticable thickness. 

The approximate density, in millimeters of alumin- 
ium, of the less dense half of the scale runs from 25 
mm., by increments of 5 mm. of aluminium, to 55 mm. ; 
while in the denser half it ranges from 40 to approxi- 
mately 70 mm. aluminium, by increments of 5 mm. 

The routine use of this penetrometer in the hospitals 
from which cases are drawn permits comparison not 
only of skiagrams of the same patient made at different 
times, but also of films from different institutions. Al- 
though it can be used to give a relatively accurate 
measurement of density of a given structure in terms of 
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Fig. 22. 
Fig. 22. Type 4, cranial dysplasia. 
function, obesity. 
Fig. 23. Type 4, cranial dysplasia. 
tion. 


In the 494 cases of cranial dysplasia 
found, 63 cases (12.7 per cent) presented 
history of an earlier diagnosis by a psy- 
chiatrist, in some other institution, of a 


psychotic or psychoneurotic condition. 
An additional 28 patients (5.6 per cent), 
all of whom were under 17, had previously 
shown such mental deficiency and ‘‘be- 
havior problems’”’ as to merit institutional 


treatment. Grouping these together, we 
find that 18.3 per cent of the cases of 
cranial dysplasia, three-quarters of which 
show dyspituitarism, by physiological in- 
vestigation, also show in association with it 
a mental or emotional abnormality. We 
feel it would be unwise, in this regard, to 


TABLE VI.—THE RELATIONSHIP OF 
“PERSONALITY CHANGE TO CRANIAL 
DYSPLASIA 


Cranial dysplasia 494 cases 

Earlier psychotic and psychoneu- 
rotic episodes 

Mental deficiency and ‘‘behavior”’ 
difficulty 


63 cases 12.7% 


28 cases 


millimeters of aluminium, its chief use is to give the 
examiner a rapid and accurate impression of the pene- 
tration employed in making the skiagram and hence of 
the true density of the skull. —H. M. 


Female, aged 32 years (E-2803). 
Male, aged 44 years (E-2478). 


Fig. 23. 


Evans diagnosis: pituitary dys- 


Evans diagnosis: pituitary dysfunc- 


do more than present the percentage oc- 
currence. 


SUMMARY 


(1) In a series of 2,950 cases, forming 
part of a series of 4,000 referred for endo- 
crine study, there was found, from inspec- 
tion of the cranial skiagram, 494 (16.7 per 
cent) that showed evidence of such distur- 
bance of cranial growth and differentiation 
as to justify a diagnosis of dyspituitarism. 

(2) Independent and previous physio- 
logical investigation gave evidence at the 
time of examination of disturbed pituitary 
function. 

(3) Inthis percentage the present physio- 
logical status of the patients confirms the 
constitutional estimate derived from the 
cranial skiagram. 

(4) Of this group, 18.3 per cent showing 
dyspituitarism and dysplastic crania, gave 
evidence not only of general bodily dis- 
turbance of growth and development, but 
also showed significant personality changes. 
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CLINICAL DEDUCTIONS FROM PHYSICAL MEASUREMENTS OF 200 AND 
1,000 KILOVOLT X-RAYS: 


By ROBERT S. STONE, M.D., and PAUL C. AEBERSOLD, M.D., San Francisco 


From the Department of Surgery, Division of Roentgenology, University of 
California Medical School 


written concerning the advantages of 

x-rays produced by supervoltage, over 
those produced by high voltage, apparatus. 
Though too little time has elapsed for a 
complete evaluation by the results pro- 
duced in the therapy of malignancies it has 
become apparent that no startling results 
are to be expected. Since the University 
of California Hospital has a 200 kv. con- 
stant potential apparatus, and a 1,000 kv. 
high frequency, biased, supervoltage ap- 
paratus, side by side, an attempt is being 
made constantly to take corresponding 
physical measurements on the two ma- 
chines, and to determine from them the 
best method of using the different radia- 
tions in clinical work. The x-rays produced 
by the 200 kv. constant potential appara- 
tus and filtered through 0.2 mm. tin, 0.25 
mm. copper, and 2.0 mm. aluminum have 
a half value layer in water of 4cm. This is 
the equivalent of 100 kv. monochromatic 
radiation and has an effective wave length 
of 0.123 Angstrom. The 1,000 kv. appara- 
tus is that which was described to this 
Society two years ago. At the present 
time it is being operated at such a voltage 
that after passing through the wall of the 
tube and a filter of 2: mm. lead, 1 mm. cop- 
per, and 1.5 mm. aluminum, the radiation 
has a half value layer in water of 7.2 cm. 
Thus it is equivalent to 500 kv. monochro- 
matic radiation according to Lauritsen’s 
curve (1). 

For the physical data a thimble chamber 
with a one millimeter bakelite wall, and a 
Victoreen condenser r meter were used. 


, recent years a great deal has been 


1 Presented before the Radiological Society of North 
America at the Twenty-second Annual Meeting, at 
Cincinnati, Nov. 30—Dec. 4, 1936. 

These studies have been made possible by the finan- 
cial support of the Christine Breon Fund for Medical 
Research. 


We realize that the measurements of depth 
doses by the thimble chamber in phantoms 
are not to be considered as giving absolute 
tissue doses, and that comparisons of the 
radiations of different wave lengths by this 
means are questionable. For the pur- 
poses of the present discussion they are a 
sufficient approximation. 

The higher the equivalent kilovoltage of 
x-radiation, the greater is its penetration 
through tissue, and the greater is the con- 
centration of the scattered radiation to- 
ward the forward direction of the beam. 
It is to be expected, therefore, that super- 
voltage radiations can deliver more energy 
to the depths relative to the surface than 
high voltage radiations can. Lauritsen (2) 
calculated that, by increasing the hardness 
from 100 to 400 monochromatic equivalent 
kilovolts, 60 per cent more energy can be 
delivered into a body for the same amount 
of energy absorbed in a thin surface layer. 
To evaluate the clinical advantage of this 
increased energy, its distribution and ab- 
sorption must be considered with special 
reference to (a) the tumor, (b) the opposite 
skin, (c) the tissues adjacent to the beam, 
and (d) the lateral variation of intensity 
across the beam. One must also consider 
whether, for the same absorption of energy 
in the two cases, the biological effects are 
the same. 

To obtain the depth dose curves both 
rice and wax were used. The wax consisted 
of paraffin blocks 30 by 30 cm. in size. A 
total thickness of 23 cm. was used with 
both paraffin and rice. The dose at a depth 
of 23 cm. is, therefore, the dose at the sur- 
face of exit. A distance of 80 cm. was 
utilized throughout because this distance 
was used in the treatment of a great many 
patients. It is obvious, of course, that it is 
illogical to compare the doses delivered at 
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yarious depths by two radiations of dif- 
ferent quality, unless the other factors are 
kept constant. Too frequently, compari- 


DEPTH DOSE CURVES 


PTH 


amount of energy absorbed less than the 
difference in the amounts of energy de- 
livered in the two cases. 


80 _ CMS. TS. 


Fig. 1. 


son has been made between 200 kv. radia- 
tion with filtration of 0.5 mm. of copper at 
a distance of 50 cm., and supervoltage 
radiation at much greater distances. In- 
cidentally, because of the great increase in 
output which occurs with increasing volt- 
age, the use of supervoltage permits the use 
of longer target-skin distances without 
decreasing the r per minute intensities 
usually obtained with ordinary high volt- 
ages. Quimby (3) has pointed out the 
value of long target-skin distances. 

Let us first consider how the increased 
penetration of the supervoltage radiation 
affects the ionization measurements at the 
surface relative to those at the depths. 
Although there is more energy delivered 
into a finite body with the harder radia- 
tion, all of the energy is not absorbed in it. 
In the case of the harder radiation more 
energy emerges, making the gain in the 


The depth dose curves for a field 10 by 
10 cm. in size, using both rice and wax and 
200 and 1,000 kv. radiations, are shown in 
Figure 1. In addition, this figure shows a 
curve of the diminution in intensity in air 
calculated by the inverse square law, and 
curves of the penetration of the two pri- 
mary radiations in water. These graphs of 
primary intensity penetration show the 
maximum difference that can occur in 
depth doses between 100 and 500 kv. mono- 
chromatic radiations. They represent the 
possible limit of an infinitely narrow beam 
with practically no scattering. In other 
words, these curves represent the percent- 
age of the primary beam present at the 
various depths. They were obtained by 
decreasing the intensity calculated by the 
inverse square law, by the percentage of loss 
caused by absorption in water for the 
radiation concerned. 
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It is very evident from the curves (Fig.1) 
that the depth dose of the 1,000 kv. radia- 
tion is greater than that of the 200 kv. 


DEPTH DOSE _CURVES 


RADIOLOGY 


is not so effective. It is also to be noted 
that the depth dose of the 200 kv. radiation 
decreases much more rapidly, as greater 


80 CM. TS.D. 


Fig. 2. 


radiation at all levels below 1.5 cm., and 
that the percentage of difference increases 
as greater depths are reached. At a depth 
of 10 cm. in the rice the percentages are 
48.5 and 36, respectively, and the doses at 
a depth of 23 cm., the level of exit, are 12.5 
and 4. This great difference can be ex- 
plained by the fact that the percentage of 
the primary beam reaching the various 
levels is much greater in the case of the 
supervoltage than in that of the high volt- 
age radiation. At a depth of 10 cm. the 
primary radiation of the 1,000 kv. beam is 
reduced to 30 per cent of its surface inten- 
sity, while that of the 200 kv. beam is re- 
duced to 13.8 per cent. The field being 
small, there is relatively little scattered 
radiation, and therefore the softer x-ray, 
depending on scattering for its depth dose, 


depths and the surface of exit are reached, 
than does the depth dose of the 1,000 kv. 
radiation. This has a bearing on the prac- 
tical application, as will be shown later. 
Figure 2 shows the curves of depth dose 
for fields 20 by 20 cm. in size, the other 
factors remaining as before. These curves 
show very clearly that while the depth 
doses of the 1,000 kv. radiation in rice, are 
greater at all levels below 1 cm. than are 
those of the 200 kv. radiations, the per- 
centage of difference between the two is not 
nearly so great as it is when the smaller 
fields (10 by 10 cm.) are used. At a depth 
of 10 cm. the dose from the 1,000 kv. beam 
is 56.5 per cent and that from the 200 kv. is 
46.5 percent. For the 10 cm. level by sub- 
tracting the depth dose as calculated for the 
primary beam from the depth dose as meas- 
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ured, we find the percentage of the meas- 
ured dose caused by scattered radiation. 
For 1,000 kv. this is 53 per cent ; for 200 kv., 
80 percent. The doses at the level of exit, a 
depth of 23 cm., are 13.5 per cent and 6.5 
per cent, respectively. 

These curves demonstrate that for the 
900 kv. radiation, the depth dose in wax is 
much greater than it is in rice. The curve 
of the depth dose, using the field 10 by 10 
cm. in size, showed that the depth doses at 
10 cm. were: wax, 40 per cent; rice, 36 per 
cent. Thus the depth dose in rice is 10 per 
cent less than that in wax. This agrees 
with the difference between the cadaver 
and wax as shown by Quimby (4). Thus 
rice more nearly approximates the cadaver 
as a medium of absorption than does wax. 
The greater depth dose in wax is explained 
partly on the basis of the fact that there is 
less photo-electric absorption of soft scat- 
tered radiation because of the relatively 
greater amount of hydrogen. The dif- 


ference in depth doses between rice and 
wax, using 500 kv. monochromatic equiva- 
lent radiation, was only a few per cent at 10 


cm., because the scattered radiation, being 
still quite hard, depends for its absorption 
only on the electronic density—which is 
approximately the same for rice and wax. 
Thus wax can be used on the supervoltage 
apparatus for the measurement of depth 
doses with results fairly comparable to 
those made on a person. 

The graphs for 200 and 1,000 kv. depth 
doses in wax, as shown in Figure 2, cross 
each other at the level of 8.5 cm. Above 
this level there is a considerably greater 
depth dose for the lower voltage radiation. 
The absorption of 200 kv. radiation in fat 
probably simulates that in paraffin more 
closely than that in rice. This would seem 
to indicate that, for small tumors embed- 
ded in fat, such as small tumors in large 
fatty breasts, treated tangentially, 200 kv. 
radiation is superior to 1,000 kv. radiation. 

In Figure 3 are placed side by side the 
depth dose curves of the two kilovoltages 
in the rice phantom 23 cm. in depth, for 
fields of three sizes. It is evident that the 
depth doses for fields of the same size are 


greater in every instance for the super- 
voltage radiation, and that the ratio be- 
tween the two is greatest at all depths for 
the field of smallest size. At depths of less 
than 7.5 cm. the depth dose of the 200 kv. 
radiation, using a field 20 by 20 cm. in size, 
are slightly greater than those of the 1,000 
kv. radiation using a field 10 by 10 cm. in 
size. The ratio between the depth doses 
of the two types of radiation at various 
levels increases as the depth increases and 
as the size of the field decreases. 

From these various findings one can de- 
duce that 500 kv. monochromatic equiva- 
lent radiations will produce greater depth 
doses than 100 kv. monochromatic equiva- 
lent radiations, as measured by ionization 
in a thimble chamber. The differences be- 
tween the respective depth doses increase 
with increasing depth and with decreasing 
size of the field. The dose at the surface of 
exit is increased more, in proportion. 

It is impossible ever to deliver a sufficient 
dose of radiation to a tumor, except one 
directly on the surface, through a single 
field. The application of the measurement 
of depth doses necessitates, therefore, de- 
termining what the resultant dose will be 
in the various regions when cross-firing is 
used. The fact must be recognized that 
the depth dose at a given level in a phan- 
tom of infinite thickness is not the same as 
the depth dose at the same level in a phan- 
tom of definite thickness. It has been 
found that a thickness of at least 10 cm. 
phantom material is needed below the 
chamber at any particular depth to obtain 
practically complete back-scatter. If, for 
example, a phantom were only 12 cm. 
thick, then at the depth of 6 cm., 7.e., the 
middle, there would not be sufficient 
material beyond to provide the same 
amount of back-scatter as would be present 
at a given depth in an infinite phantom. 
Hence the dose measured at a depth of 6 
cm. would be less in a phantom 12 cm. thick 
than in a phantom of infinite thickness, 
and, as the field of exit was approached, the 
intensity would diminish more rapidly. 
True values of depth dosages in thin and 
variously shaped sections should be ob- 
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tained on phantoms of the desired size 
and shape. This is planned, but for the 
present, dosage measurements have been 


DEPTH DOSE CURVES 


CMS. DEPTH 
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sections when using high voltage as com- 
pared to supervoltage than is shown by our 
calculations. 


80 _CMS._TS.D. 
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Fig. 3. 


taken from the curves obtained with a 
phantom 23 cm. thick. The cross-fire 
values recorded for the center of the thin 
sections will thus be a little in error. What 
we have used as the dose on the surface of 
exit is in reality the dose at the given depth 
in the phantom 23 cm. in depth. This 
measurement would be smaller if it were 
actually on the surface of exit, because of 
the absence of back-scatter radiation. The 
dose at half this level (center of the thin 
phantom) would decrease less by decreas- 
ing the thickness of the phantom because 
some back-scatter radiation would remain. 

Moreover, these doses being affected by 
the presence or absence of back-scatter will 
not vary in the same proportion with the 
two types of radiation. Consequently 
there is a possibility that there is a greater 
increase in the dose in the center of thin 


Figure 4 is a schematic diagram com- 
paring the relative intensities on the sur- 
face and at the center of a rice phantom 
24 cm. thick, using both single- and cross- 
fire methods with both high and supervolt- 
age radiations. It is readily seen from the 
ratio of the doses at the center, produced 
by the supervoltage and high voltage radia- 
tions, that the increase caused by the 
supervoltage radiations is less for the cross- 
fire than for the single-fire method. It is 
also evident that with cross-fire, as well as 
with single-fire, the increase, using super- 
voltage radiation is greater for smaller 
fields. It is to be noticed that even with 
fields 20 by 20 cm. in size, in the case of a 
thick region there is still an appreciable 
gain in the dose at the center. Considering 
progressively thinner phantoms, as shown 
in Figure 5, the percentage of gain by 
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supervoltage diminishes. It is seen that, 


portion of anatomy, it is evident that there 


using a cross-fire technic through a region would be no improvement in the depth dose 
as thin as 12 cm., there is little if any gain obtainable by supervoltage roentgen ther- 


COMPARATIVE INFLUENCE OF EXIT SKIN DOSE USING HIGH AND SUPER VOLTAGE 


CASE OF THICK SECTION 24 CM. 
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Fig. 4. 


in the dose at the center relative to the 
doses at the surfaces even when using the 
field 10 by 10 cm. in size. If portals smaller 
than 10 by 10 cm. were used, the increased 
depth dose obtained with the use of 1,000 
kv. would be of more significance. For 
thicknesses above 12 cm. it is seen that 
there is a definite and appreciable increase 
in the depth dose obtainable by the use of 
1,000 kv., and that this is more noticeable 
for fields of the same size with thick 
patients and for patients of the same size 
using small fields. 

The tabulation (Fig. 5) shows the values 
for only two-field cross-fire irradiation. If 
more fields were added without any over- 
lapping of the first two fields, the percent- 
age of improvement would be still more 
marked. 

The practical application of these facts 
to problems of treatment is somewhat 
obvious. If one were dealing with a thin 


apy. If large fields must be irradiated the 
advantage of the supervoltage therapy is 
appreciable but not great. When the fac- 
tor of the dose on the opposite skin can be 
diminished by the use of multiple small 
ports without excessive overlapping of the 
fields of entrance and exit, by avoiding 
direct cross-fire, or by irradiating thick 
parts, supervoltage is distinctly advanta- 
geous. 

The depth dose measurements were ob- 
tained by placing the thimble chamber in 
the center of the fields. It was shown 
above (Fig. 2) that at a depth of 10 cm. in 
a phantom 23 cm. thick and with a field 20 
by 20 cm. in size, 80 per cent of the meas- 
ured dose of 200 kv. radiation was due to 
scattered radiation and 20 per cent to the 
primary beam. In the case of the measured 
dose for 1,000 kv. radiation under the same 
conditions, only 53 per cent was due to 
scattered radiation and 47 per cent to the 
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primary beam. Since the primary beam 
spreads evenly, whereas the scattered radia- 


RADIOLOGY 


Another fact emerges from these same 
considerations. Since there is less scat- 


tion builds up in the center of the irradiated tering for the same depth dose, it follows 
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mass, the dose at the sides of the beam of 
the 1,000 kv. radiation as contrasted with 
that of the 200 kv. should be more nearly 
the same as that at the center on the same 
level. This was found to be so by measure- 
ment. In other words, the isodose curves 
are flatter for 1,000 kv. radiation and the 
dose is more evenly distributed. This fact 
allows the use of smaller fields since the 
edges of the beam are not wasted or used 
only to build up scattering for the center. 


that there is less spread of the radiation 
into the tissues adjacent to the beam. This 
is of value when considering the irradiation 
of closely approximated fields, or of lateral 


fields through a thin patient. It must be 
remembered that the 1,000 kv. radiation 1s 
different from the 200 kv. radiation, not 
only in the distribution but also in the 
quality of the radiation within the phan- 
tom. Since the scattering is mostly in the 
forward direction, the scattered radiation 
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is still largely composed of high energy pho- 
tons. At the surface of a wax phantom, 
using a field 20 by 20 cm. in size, 14 per 
cent back-scatter was measured. At a 
depth of 23 cm. in wax the intensity was 
increased only 15 per cent by the back- 
scatter radiation from a large amount of 
wax added below the phantom. Hence, 
even after penetrating 23 cm. of wax, the 
beam produces scarcely any more back- 
scatter than at the surface. Similar meas- 
urements with 200 kv. radiation reveal 44 
per cent increase due to back-scatter at the 
surface, and 67 per cent back-scatter after 
penetrating 23 cm. of wax. The difference 
in quality within the phantom for the two 
radiations is of such magnitude that it 
should disclose any significant dependence 
of biological reaction upon the photon 
energy (wave length). 

The question of a difference in the re- 
sponse of biological material to different 
types of radiation is difficult to settle. At 
this present writing only one phase of this 
subject will be considered, namely, the skin 
reaction. Lauritsen’s curves show that ap- 
proximately 525 r (air measure) with 100 
kv. monochromatic equivalent radiation 
should give the same skin reaction as 1,100 
r (air measure) with 500 kv. monochro- 
matic equivalent radiation. Thus it should 
be possible to give approximately twice the 
number of roentgens measured in air with 
1,000 kv. radiation as with 200 kv. radia- 
tion. This skin reaction is found when the 
energies are delivered at one sitting and at 
approximately the same rate. We have 
not satisfactorily tested these doses, but 
they are reported as having been checked. 

Nearly all of our treatments have been 
given by the protracted, equally fractiona- 
ted method, and by this method we find 
a much smaller difference between the 
amounts that can be given. Let us take the 
pelvis as an example. During the last few 
years we have treated our patients either 
with one field, 20 by 20 cm., in front and 
one in back, or two fields 10 by 15 cm., in 
front and two in back. We treat them at 
daily intervals, except Sunday, treating the 
anterior fields one day, and the posterior 


fields the next day. The routine course is 
20 treatments, 10 in front and 10 in back. 
Allowing for Sundays this takes from 22 to 
25 days of elapsed time. The treatment 
factors were the same as described above 
for the phantom measurements. The 
dosage was measured by a Victoreen con- 
denser r meter and the units are hereafter 
described as “‘equivalent r.’’ When the 
1,000 kv. radiation was used for patients 
averaging 20 cm. in thickness, a total dose 
per field of 2,500 r, in ten doses of 250 r, was 
given as described above. When using the 
200 kv. radiation, a total dose per field of 
2,000 r, in ten doses of 200 r, was adminis- 
tered. In both instances the skin reaction 
was the same. The reaction occurred in 
both series in about twenty-eight days from 
the beginning of the treatment. Thus if we 
use the equivalent r measurement in air we 
have a ratio of 2,500 to 2,000. This is much 
less than the two to one ratio found for 
single threshold doses. 

There are several possible explanations 
for this discrepancy: (1) in the protracted 
series, cross-fire is used and the dose on the 
skin at the place of exit is appreciably 
greater for the supervoltage radiation; 
(2) the recovery factor of the skin may be 
less for the harder radiation; (3) the skin 
reaction we observed is a marked erythema 
rather than a threshold pigmentation; 
(4) the roentgen as measured by the same 
thimble chamber may be different from the 
“theoretical roentgen” for the different 
radiations. 

Another practical factor to be considered 
is that the limitation of the dosage which 
we can apply is not always the effect on the 
skin but is frequently the effect on the 
mucosa. With the supervoltage therapy 
one is able to deliver more to the depths of 
thick parts than with the ordinary high 
voltage therapy, but the normal tissue sur- 
rounding the neoplasm receives the same 
increased dosage. The amount of normal 
tissue irradiated will be less if small fields 
can be used to get the same dosage into the 
necessary region in the depths. By using a 
target-skin distance of 80 cm. with the 200 
kv. apparatus it is possible to produce as 
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severe a diarrhea as one cares to produce, 
without causing any excessive changes in 
the skin. In such a case it would seem that 
the limiting factor is not only the dosage 
applied to the skin, even with the 200 kv. 
apparatus, but is also the dosage applied to 
the mucosa of the intestinal tract. 

When dealing with the thinner regions of 
the body such as the neck, the gain in depth 
dose, as was shown above, is offset by the 
corresponding increase in the dose to the 
skin in the region of the exit. Consequently 
it is not possible to get an appreciably great- 
er depth dose to the tissues of the neck 
with the 1,000 kv. than with the 200 kv. 
radiation. This has been borne out in 


practice. We have found that, in order to 
produce similar mucosal changes in the 
pharynx, similar skin changes must be pro- 
duced, whichever type of therapy is used. 


We wish to express our thanks to Mr. 
Milton A. Chaffee for his valuable assist- 
ance during the course of this work. 


SUMMARY AND CONCLUSIONS 


An attempt has been made to compare 
the radiations produced by 1,000 kv. and 
200 kv. The monochromatic equivalent 
kilovoltages of the beams used were 500 
and 100, respectively. The comparison 
made by thimble chamber ionization meas- 
urements and by skin reactions, show, so 
far as such measurements are valid, that: 
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(1) The supervoltage radiation delivers 
larger depth doses, the gain increasing with 
(a) the depth, (5) the decrease in the size of 
the field. 

(2) In cross-fire technic the large doses 
on the surface of exit offset somewhat the 
practical value of the large depth doses, 
Supervoltage radiation can be used to 
greater advantage if (a) direct cross-fire 
can be avoided, (b) the parts treated are 
thick, (c) multiple small fields can be used 
without excessive overlapping on the op- 
posite skin. 

(3) The scattering of radiation into the 
tissues adjacent to the beam is less with 
supervoltage radiation. 

(4) The isodose curves of supervoltage 
radiation are flatter. 

(5) Using the protracted fractionated 
method of treatment, the total number of 
roentgens that can be given with 1,000 kv. 
radiation is much smaller in proportion to 
the total number of roentgens that can be 
given with 200 kv. radiation, than that 
calculated for single threshold skin doses. 
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FURTHER STUDIES ON THE RATE OF RECOVERY OF HUMAN SKIN FROM THE 
EFFECTS OF ROENTGEN- OR GAMMA-RAY IRRADIATION! 


By EDITH H. QUIMBY, M.A., and W. S. MAcCOMB, M.D., 
Memorial Hospital, New York City 


thors have described a method for de- 

termining the amount of recovery in 
human skin after irradiation, and have pre- 
sented data for a few specific schemes of 
treatment (1). This work has now been 
extended to cover the usual types of pro- 
tracted and fractionated therapy. Data 
are here given which permit the computa- 
tion of the approximate cumulative dose 
of radiation in the skin at any time during 
the treatment period. Studies have also 
been made of the effect of different frac- 
tionations of a certain dose delivered in a 


I’ a previous communication, the au- 


of radiation which, delivered in equal frac- 
tions, with any specified intensity, pro- 
duced the same skin reaction as the stand- 
ard threshold dose. When it was found, for 
instance, that two doses of 400 r each 
(measured in air), with a 24-hour interval 
between them, produced the same reac- 
tion as 525 r at one sitting, the recupera- 
tion in the 24-hour interval was calculated 
as follows: Of the first 400 r, enough must 
remain apparently effective at the end of 
the interval to give, when added to the 
second 400 r, a total effect corresponding to 
525 r. That is, 125 r of the first dose 
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Fig. 1. 
during treatment period: 200 kv. x-rays. 


specified period, and of the effect of vary- 
ing the intensity of the radiation when a 
given total dose is delivered in a given 
time. 

It will be recalled that the experimental 
work consisted in determining the amount 


* Presented before the Twenty-second Annual 
Meeting of the Radiological Society of North America, 
at Cincinnati, Nov. 30—Dec. 4, 1936. 
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Curves showing percentage of cumulative dose remaining at any time 


might be considered to remain effective; 
275 r must have been recovered from. 
This implies a recovery factor for 24 hours 

275 
at 

400 

It was emphasized that any such con- 
ception must be purely arbitrary. No ac- 
tual amount of radiation or of ionization 
remains in the tissues. The effect that re- 


, or 69 per cent. 
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TABLE I.—IRRADIATION SCHEMES PRODUCING THE SAME SKIN REACTION 


200 kv. 


0.5 mm, Cu. 





A. Two Equal Irradiations, Different Intervals 





Interval (Hours) r per Irrad. 


a 


Total r Per Cent 





6 320 


640 122 





12 350 


700 133 





24 400 


800 152 





48 425 


850 162 





96 440 








880 











B. Equal Daily Irradiations, Different Periods 





Quimby and MacComb 


Reisner 





70 sq. cm. 


4 sq. cm. 





r per | Total 
Irrad. r 


r per Total 
Irrad. r 





525 


— 


525 


1000 1000 





400 800 


650 1300 





275 825 


500 1500 





wm 1 OO | bo 


400 1600 








“J } Or 


300 2100 





200 2400 








Additional Data for Longer Intervals 





Interval 
(Hours) 


r per 
Irrad. Tr 


Per Cent 





96 300 


1200 228 








All quantities of radiation measured in air. 


mains is the consequence of the total ioni- 
zation produced by the original irradia- 
tion. But it is evident that some recovery 
has taken place, and for purposes of dosage 
calculation, and of obtaining some idea of 
the effect of the interval on the cumulative 
dose, it is convenient to say that the tissue 
acts as if a certain part of the radiation re- 
mains effective. For three or more daily 
treatments, similar calculations can be 
carried out. For details the reader is re- 
ferred to the first paper. 

In Table I are given the available data 
for 200 kv. x-rays. In addition to the au- 
thors’ data, those of Reisner (2) for vari- 
ous numbers of daily irradiations are in- 
cluded. Practical applications of these 
data will now be developed. 

A. The Calculation of the Cumulative 
Dose.—In the earlier paper it was shown 
that the recovery during the second day of 


treatment was 31 per cent, or that 69 per 
cent of the cumulative dose remained effec- 
tive when the third treatment was to be 
administered, and 24 hours after the third 
treatment, 74 per cent. Corresponding 
figures obtained from Reisner’s data were 
65 and 74. By carrying out similar calcu- 
lations for data from longer treatment pe- 
riods, the values have been obtained from 
which the curves of Figure 1 were plotted. 
Points obtained from the authors’ data are 
indicated by circles; those from Reisner’s 
by crosses.” A single additional point can 
be obtained from the data published by 
Léw-Beer and Redisch (3) and is indicated 
by a triangle. The upper curve, which is 
~ 2 It should be noted that Reisner has made no cal- 
culations of this sort. He has determined the various 
fractionated doses required to produce his standard 
reaction, but has drawn no conclusions from them 


regarding recovery. The authors have simply applied 
their methods of calculation to his published data. 
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well covered experimentally, shows the 
percentage of the cumulative dose at any 
day of the treatment period, when daily 
irradiations are given. Its use is best illus- 
trated by an example. 

Example: Calculate the daily cumula- 
tive dose when 300 r are administered to a 
given field daily for five days. 


First day—300 r administered. 
Second day—45 per cent remains effective. 
0.45 X 300 = 135. 
Add 300 r. 300 + 135 = 435 r effective. 
Third day—65 per cent remains effective. 
0.65 X 435 = 280. 
Add 300 r. 300 + 280 = 580 r effective. 
Fourth day—71 per cent remains effective. 
0.71 X 580 = 415. 
Add 300 r. 300 + 415 = 715r effective. 
Fifth day—75 per cent remains effective. 
0.75 X 715 = 535. 
Add 300 r. 300 + 535 = 835 r effective. 


That this is a reasonable value for the cu- 
mulative dose is demonstrated clinically 
by the fact that the skin reactions produced 
by a single dose of 825 r and by five daily 
doses of 300 r are about the same. 

In order to find the accumulated dose at 
any time by means of these curves, it is 
necessary to go through the type of calcu- 
lation indicated in these figures. It would 
be convenient if this could be avoided. 
For any definite scheme of irradiation, such 
calculations can be made once for all, and 
the results tabulated for ready reference. 
Table II provides these data, for 100 r ad- 
ministered daily, or every two, three, or 
four days; the accumulated dose, in ‘‘effec- 
tive roentgens,”’ at any day of the treatment 
period, may be read directly. For indi- 
vidual doses of any other magnitude, the 
accumulated dose at any day will be in the 
same ratio to that in the table as the daily 
dose is to 100 r. 

The lower curves of Figure 1, for irradia- 
tions every second, third, or fourth day, 
are not as well covered experimentally as 
the first, but there are enough points to in- 
dicate that they must be approximately 
correct. The work involved in verifying 
points on the curves is considerable, for 
each one requires tests on several patients. 
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TABLE II.—ACCUMULATION OF RADIATION 
DOSE IN SKIN DURING TREATMENT PERIOD 





100 r 
Every 
Second 

Day 


100 r 
Every 
Third 

Day 


100 r 

Every 

Fourth 
Day 


Day of 
Treat- 
ment 


100 r 
Daily 





Accumulated Dose—‘‘Effective Roentgens’”’ 


100 100 100 100 
140 
190 130 
235 
280 170 
320 
360 
400 
440 240 
480 190 
520 275 
565 
610 
655 
700 








125 








205 160 
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310 220 


340 





370 


400 





430 


465 





500 








1500 
1555 
1610 





1730 











| 

| 

| 

| 

1670 | | 
| | 





It is evident that no serious error exists in 
this group of curves. Figures 2 and 3 show 
the day-by-day accumulation of dose, in 
special cases, calculated as above. 

B. The Effect of Varying the Fractiona- 
tion of the Irradiation.—From Figure 3 it is 
suggested that if the total dose and total 
treatment time are the same, within certain 
limits, the number of fractions into which 
the radiation is divided is not particularly 
important. This is borne out by a number 
of experimental observations which are 
summarized in Figure 4. Reisner has also 
observed this fact, in administering to one 
field 12 daily doses of 20 per cent each, and 
to another four doses of 60 per cent each, on 
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Fig. 2. Accumulation of radiation effect in the skin; 200 kv. x-rays. The indi- 
vidual doses are the same; the intervals between them vary in the three series. 
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Fig. 3. Accumulation of radiation effect in the skin; 200 kv. x-rays. The total 
dose and the total irradiation period are the same; the individual doses and the in- 
tervals vary in the two series. 
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the first, third, seventh, and twelfth days. 
This point may be of practical importance 
in the busy x-ray department, or in cases in 
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Fig. 4. 


cases the total treatment period, that is, 
the entire time within which the treat- 
ments are given, is the same, although the 
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Fig. 5. 


Fig. 4. The effect of varying the fractionation of the irradiation: 200 kv. x-rays. The members of each 
pair of irradiation schemes produce the same effect on the skin; the total doses and total treatment periods 
are approximately the same, but the fractionation varies. 

Fig. 5. The effect of varying the intensity of the radiation: gamma rays. The members of each pair of 
irradiation schemes produce the same effect on the skin; the total doses and total treatment periods are es- 
sentially the same, but in one case the irradiation is continuous and in the other intermittent. 


which a patient comes a long distance for 
treatment. If daily irradiations produce 
no better result than treatment of two or 
three times the amount every two or three 
days, it may be an advantage not to insist 
on them. Jt should be noted here, however, 
that these data refer only to skin. The clini- 
cal applicability of the information can be 
determined only by observing the tumor regres- 
sion, systemic effect, etc., in series of cases 
treated by each scheme. 

C. The Effect of Varying the Protraction 
of the Irradiation.—It is well known that if 
the intensity of the radiation is reduced, a 
greater amount is necessary to produce a 
specified reaction, when the treatment is 
given in one sitting. If, however, the radia- 
tion of higher intensity is administered in 
two equal doses, one during a short time at 
the beginning and the other at the end of 
the longer period required for the low in- 
tensity radiation, in certain cases it has 
been found that the difference disappears; 
the same amounts of both types of radia- 
tion produce the same reaction. In these 





actual irradiation time is much longer for 
the low intensity radiation than for the 
high. In the case of the high intensity, re- 
covery takes place between treatments; 
in the case of the low, recovery and produc- 
tion of radiation effect are simultaneous. 
Within certain limits it appears that if the 
total dose and total treatment period are 
the same, the rate at which the radiation 
is administered within that period is not 
important; it may be continuous or frac- 
tionated at will. This point can be more 
readily studied with gamma rays than with 
X-rays, since with radon tubes of various 
strengths available, it is easy to obtain 
radiation of any desired intensity. Figure 
5 shows experimental results in two such 
cases. In these it is evident that it makes 
no difference whether the irradiation is 
continuous or intermittent, provided the 
total dose delivered in a given time is the 
same. Allowance was, of course, made for 
the change in strength of the radon source. 
The fact that the intensity at the end of 
the four-day period was slightly less than 
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half what it was at the beginning is prob- 
ably of no significance; in the literature on 
the subject, the earliest change noted in 
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minutes to two hours. In both groups the 
average result on both fields was the same. 
He then tested the effect in the gamma- 
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Fig. 6. 


Calculation of accumulated dose in the skin, for ‘‘saturation technic,’’ on 


the basis of a constant recovery factor, and on the basis of the experimentally deter- 


mined values. 


The treatment consists in the administration of 85 per cent of the 


threshold dose the first day, and 10 per cent daily thereafter for three weeks. 


the reaction is for a considerably greater 
change in the intensity than this. 

It should be noted that in the experi- 
ments herein reported, both on the effects 
of fractionation and of protraction, each 
pair of treatments was tested not on one, 
but on several, individuals. 

The effect of protraction has also been 
studied by McWhirter (4), both with 
gamma and x-rays. For each type of ra- 
diation he used a wide range of variation of 
intensity in erythema tests, delivering the 
same total dose to two corresponding fields 
in periods of one week. With x-rays, one 
field always received radiation at more than 
twelve times the rate of the other; in each 
case seven daily treatments were given. 
For gamma rays, one field received con- 
tinuous irradiation for seven days, the 
other, daily irradiations of from fifteen 


ray treatment on a small group of superfi- 
cial tumors, and came to the conclusion 
that these lesions responded in the same 
way as the skin, that is, that the rate of 
administering the daily treatments was not 
significant. 

D. The Question of the ‘‘Saturation Tech- 
nic.’’—In the previous paper, the authors 
discussed the calculation of accumulated 
dose on the ‘‘saturation’”’ basis, and showed 
that the generally used factors gave dosage 
totals much higher than those actually de- 
livered. At the same time, Pfahler (5) 
stated that this must be the case, and that 
all ‘saturation factors’’ previously pub- 
lished should be increased; that is, that 
the daily recovery was greater than had 
been assumed. Other radiologists have 
since expressed the same belief, and it has 
been suggested that 9 or 10 per cent daily 
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must be about right for 200 kv. x-rays, be- 
cause treatment administered on this basis 
results in the appearance of the expected 
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creases the repair is less, until a point is 
reached from which there is no recovery. 
Any satisfactory method of calculating ac- 
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Fig. 7. Accumulation of radiation effect in a true saturation method of treatment. 


For details of irradiation, see text. 


skin reaction. It is of interest to compare 
the calculation of accumulated dose on this 
basis and on that based on the experimen- 
tal results, as shown in Figure 6. It is seen 
that, at the time the reaction appears 
(about the third week), both methods have 
led to the same result. However, this 
would not be the case if treatment were 
not carried out over just this period, and 
for just these divisions of dose. For longer 
times, the value based on a constant re- 
covery factor would be lower than the ac- 
tual one; for shorter times it would be 
higher. For larger individual doses, the 
value thus calculated would mount much 
too rapidly. The coincidence shown is, 
therefore, only a coincidence and not a 
justification of this method of calculating 
dosage. It is evident from clinical consid- 
erations that no constant recovery factor 
can be right. Skin recovers from a first ir- 
radiation much more rapidly than from 
any subsequent one, and as the damage in- 


cumulated dose must take this into con- 
sideration. 

It is apparent that the term “‘saturation 
method,’’ applied to the administration of 
a fairly large dose followed by a number of 
small ones, supposing a constant rate of 
recovery, and a constant rate of making up 
for this, is not accurate. Of the clinical 
value of such a method of administering 
radiation, no judgment is to be passed from 
the data included in this paper. However, 
if a ‘‘saturation method” is to be designed 
to maintain the tissues continually in the 
same state as regards the effective radia- 
tion present, replacing each day what has 
been lost, it is evidently necessary to know 
the loss for every day. Any assumption 
regarding a constant rate of loss of radiation 
effect is completely unwarranted, in view 
of the experimental evidence here pre- 
sented. A true saturation scheme can be 
worked out from the curves of Figure 1, 
for maintaining the dosage at any desired 
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point. For example, calculate the daily 
dose to bring the skin to the threshold 
point in two or three days, and to maintain 
it there for two weeks. The first steps of 
the calculation are given below, the com- 
plete course in Figure 7. 


First day—400 r administered. 
Second day—45 per cent remains effective. 
0.45 X 400 = 180. 
Add 300 r. 300 + 180 = 480 r effective. 
Third day—65 per cent remains effective. 
0.65 X 480 = 310. 
Add 215 r, arriving at the threshold dose. 
310 + 215 = 525 r effective. 
Fourth day—7l per cent remains 
0.71 XK 525 = 375. 
It is necessary to add 525 — 375 = 150 r. 
375 + 150 = 525 r effective. 





effective. 





Fifth day—75 per cent remains effective. 
0.75 X 525 = 395. 
It is necessary to add 525 — 395 = 130 r. 


395 + 130 = 525 r effective. 
Sixth day—78 per cent remains effective. 
0.78 X 525 = 410. 
It is necessary to add 525 — 410 = 1l5r. 





And so on for any desired period. 

To the knowledge of the authors, such a 
scheme of treatment has never been carried 
out. It is hoped that it may be tried in the 
near future, and the results compared with 
those obtained by other methods. 


SUMMARY 


Further experimental data have been 
collected on the recovery of human skin 
from roentgen and gamma-ray irradiation. 

Curves and a table are given from which 
the accumulated dose in the skin can be 
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calculated, for any day during the treat- 
ment period. 

It is shown that if sufficient radiation be 
administered in a given time to produce the 
threshold effect, within the experimental 
limits investigated it makes no difference 
whether it is delivered in small doses with 
short intervals, or in larger ones with 
longer intervals. 

It is further shown that if the radiation 
be administered in a given period, it makes 
no difference, within the experimental 
limits investigated, whether it is delivered 
in long treatments of low intensity or in 
short ones of low intensity. 

The saturation method of dosage calcu- 
lation is discussed. It is shown that this 
term cannot be justified when a constant 
daily recovery factor is assumed. Since 
the amount of recovery decreases from day 
to day, it is necessary to know the correct 
recovery factor for every day. A method is 
outlined for calculating a true saturation 
scheme of irradiation. 
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THE BIOLOGICAL ACTION OF NEUTRON RAYS' 


By ERNEST O. LAWRENCE, Pu.D., D. Sc., Berkeley, California 


property of being more readily ab- 

sorbed in light substances rich in 
hydrogen such as biological tissues than 
in denser substances like iron or lead. If 
you should use a fluoroscope and look 
through the body with neutron rays, you 
would find that the bones would appear 
relatively transparent and the flesh would 
look darker. Neutron rays also are unique 
in the manner in which they produce 
ionization. X-rays produce ionization by 
liberating high speed electrons from atoms, 
while neutrons, being tiny dense particles 
of neutral matter, pass right through the 
electron clouds of atoms and ionize only 
by making intimate collisions with the 
correspondingly dense atomic nuclei. 

The great difference in the mode of 
ionization by neutrons and x-rays can 
actually be photographed, thanks to the 
ingenious cloud chamber method of C. 
T. R. Wilson, which makes use of the fact 
that fog droplets form on ions in an atmos- 
phere of supersaturated water vapor. 
Ionization in the Wilson cloud chamber 
thus can be seen in detail in the sense that 
each ion can be made to manifest itself as a 
visible fog droplet. Figure 1 is a cloud 
chamber photograph of the ionization in a 
chamber filled with a mixture of hydro- 
gen, oxygen, nitrogen, and water vapor 
produced by a mixture of gamma rays and 
neutron rays from the cyclotron. You 
see some very thin lines of fog droplets. 
Indeed, you can see some of the individual 
droplets of these tenuous ionization tracks. 
These were produced by the high speed 
electrons liberated by the gamma rays 
which in passing through the chamber 
produced only a few ions per centimeter 
of path. This is the sort of ionization 
produced by x-rays. 


A rrspecy rays have the remarkable 


‘Read before the Radiological Society of North 
America at the Twenty-second Annual Meeting, in 
Cincinnati, Nov. 30—Dec. 4, 1936. 


The much thicker and much more dense 
ionization tracks were produced by neu- 
trons. At one end of a dense track, a 





Fig. 1. Wilson cloud chamber photograph of 
ionization in a mixture of air, hydrogen, and water 
vapor produced by neutron rays and gamma rays 
from the cyclotron. The thin tracks of ions were 
produced by secondary electrons liberated by the 
gamma rays while the thick and very dense tracks 
were produced by the recoil protons resulting from 
collisions of neutrons with the hydrogen atomic 
nuclei. This picture gives a general impression of 
the great difference in the distribution of ioniza- 
tion in tissues produced by neutron rays and 
x-rays. Incomparison to x-ray ionization, neutron 
ionization is very much more localized and intense. 

neutron struck a hydrogen atomic nucleus, 
a proton, and the proton recoiled with 
tremendous energy. The recoil proton, 
being a heavy charged particle, rapidly 
dissipated its energy by producing very 
intense ionization over a short distance— 
before coming to rest and picking up an 
electron, thus becoming an ordinary hydro- 
gen atom again. The heavy fog tracks 
in the cloud chamber several inches long 
were produced by recoil protons having 
energies of more than a million volts. 
Electrons of such energies would make 
ionizing tracks a hundred times longer. 
The ionization produced by a_ recoil 
proton is something like one hundred 
times more dense than that produced by an 
x-ray secondary electron, and so we see 
that neutron ionization, in comparison 
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with x-ray ionization is very much more cording to some theories of the biological 


localized and very much more intense 


where it occurs. 


processes induced by ionization it is the 
total amount of ionization and not the 
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Fig. 2. 


In view of this great difference in the 
physical behavior of neutrons and x-rays, 
one is led to wonder whether the two forms 
of radiation are also very different in their 
biological action. 

The questions here involved are of both 
theoretical and practical interest. Ac- 


distribution in a biological system that is 
of importance, a point of view which 
would indicate that neutron rays would 
parallel x-rays completely in their biolog!- 
cal action. Observations of differences 
in biological effects produced by the two 
radiations would therefore contribute sig- 





LAWRENCE: THE BIOLOGICAL ACTION OF NEUTRON RAYS 315 


nificantly to our understanding of bio- effects of neutrons and x-rays have re- 
logical effects due to ionization. With cently been carried out. Perhaps I should 
this in mind as well as the possibility that remark here that these experiments were 
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neutron rays might have valuable practical originally undertaken for the immediate 
applications, some experiments in our practical purpose of obtaining information 
laboratory on the comparative biological for the protection of workers in our labo- 
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ratory. We did not want to repeat the 
unfortunate experiences of many of the 
early roentgenologists. It was fortunate 
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indicating a greater biological effect per 
unit of ionization for the neutron rays. 
These early experiments have been pub- 
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that my brother, Dr. John H. Lawrence 
of the Yale University School of Medicine, 
was visiting me the summer before last 
and took the occasion to look into this vital 
question. 

First of all he placed some rats near the 
source of neutrons and found immediately 
that the neutron rays are indeed very 
lethal and that they kill a rat by a few 
minutes’ exposure. When I say kill, I 
mean that the rats died in about two or 
three days’ time after exposure. In these 
first experiments, studies of the effects 
of both x-rays and neutrons on the blood 
counts of rats were made, which also indi- 
cated that for the same total amount of 
ionization in tissue of the animals, the 
neutrons were more effective than x-rays. 
That summer Dr. R. E. Zirkle, of the 
Johnson Foundation of Medical Physics 
of the University of Pennsylvania, also 
spent a period of time in our laboratory 
and studied the comparative effects of 
neutron rays and x-rays on the growth 
of wheat seedlings, with results likewise 


lished? and I have not time to go into 
them here, excepting to say that they 
more than gave us information as a basis 
for providing protection for us in the labo- 
ratory, for they gave indications that 
neutron rays have different selective ac- 
tions on biological substances when com- 
pared with x-rays. In comparison with 
the action of x-rays, the neutrons seemed 
to be relatively more effective on the 
wheat seedlings than on the blood counts 
of the rats. Because, as I have already 
indicated, this possibility of a different 
selective action by neutrons is of much 
theoretical interest, and also because it 
has its immediate practical implications— 
for, as you all know, an important factor 
in radiation therapy is the selective action 
of radiation on tissues—my colleagues have 





2 Zirkle, R. E., and Aebersold, P. C.: Relative 
Effectiveness of X-rays and Fast Neutrons in Retard- 
ing Growth. Nat. Acad. Sci., February, 1936, 22, 
1934-1938. 

Lawrence, J. H., and Lawrence, E. O.: The Bio- 
logical Action of Neutron Rays. Proc. Nat. Acad. Sci., 
February, 1936, 22, 124-133. 
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been impelled to continue with the experi- 
mental investigations. I should like now 
to give you a brief account of some of the 


about one centimeter, at a distance of 
about seven centimeters from the beryllium 
target of the cyclotron, which is the source 
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logical objects, showing that the ratio of the doses of the two forms of radiation 
required to produce the same biological action in the several instances varies from 2.1 
to 5.1. These results show that neutrons have a selective action on biological sub- 
stances which in general is different from that of x-rays. 





recent results. My associates will doubt- 
less publish a more detailed report of their 
work elsewhere. 

It was, first of all, of interest to de- 
termine as definitely as possible whether 
or not neutrons do have a different selec- 
tive action on biological substances when 
compared with x-rays, and for this purpose 
Dr. R. E. Zirkle, Mr. P. C. Aebersold, 
and Mr. E. R. Dempster chose to study 
three biological effects, namely, the killing 
effects of the radiations on Drosophila eggs, 
the growth inhibiting effect on wheat 
seedlings, and the inhibiting effects on the 
fern spore, Pteris longifolia. These bio- 
logical objects, being small, were ad- 
mirably suited for the work, because it 
was possible to irradiate large numbers 
of individuals in a comparatively small 
volume so that statistical fluctuations 
could be made small and the objects could 
be placed rather close to the neutron source 
without producing serious errors due to 
the inverse square law, 7.e., the variation 
of intensity of radiation over the bio- 
logical objects. 

The several biological materials were 
placed in small capsules in a hole in a 
wooden block, the hole having a diameter 


of the neutrons. The dosage of neutrons 
was measured by a Victoreen condenser r 
meter (which may be called the dosage 
indicator) inserted in an adjacent hole in 
the wooden block. The dosage indicator 
of course was readily calibrated in terms 
of the radiation intensity in the hole con- 
taining the biological specimens. Time 
does not permit going into a discussion of 
neutron dosage measurement here, al- 
though we have carried out some experi- 
ments which indicate that the neutron 
dosage measurements obtained with the 
Victoreen meter are approximate indica- 
tions of the ionization in ordinary bio- 
logical tissues. The question of absolute 
ionization in tissue in relation to the 
dosage measurements is here not essential, 
as we are interested at this time only in 
dosage ratios and can regard the dosage 
measurements as in arbitrary units. 

Dr. Zirkle, Mr. Dempster, and Mr. 
Aebersold found that about 87 r of 
neutrons kills about one half of the flies’ 
eggs, while for x-rays they found that it 
takes about 190 r to produce the same 
effect—in line with the well established 
values of Packard and many others. In 
other words, it was found that, in terms of 
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the Victoreen measurements, the neutrons 
are about twice as effective as x-rays. In 
the case of the fern spore, Dr. Zirkle and 


Fig. 7. 


Mr. Aebersold found that the neutrons 
are about 2.5 times as effective as x-rays. 
Thirdly, they found that, in inhibiting 
the growth of wheat seedlings, the neutrons 
are about five times as effective as the 
X-rays. 

I think we can say that these experi- 
ments established quite definitely that 
neutron rays and x-rays do not parallel 
each other in their biological action. 
The selective action of neutron rays on 
tissue is in general different from that of 
X-rays. 

This result immediately raises the very 
important question of the action of neu- 
tron rays on tumor tissue—whether the 
neutrons have a greater selective action 
than x-rays. The first experiments on this 
question were carried out by Dr. John 
Lawrence on the experimental mouse 
tumor, Sarcoma 180, which was very 
kindly supplied by Dr. Francis Carter 
Wood. An account of these experiments 
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has been published,* and I need only 
mention here that they did give indica- 
tions that neutron rays do have on this 


View of cyclotron vacuum chamber with cover plate removed. 


tumor a greater selective action than x-rays 
in the ratio of about 4 to 3. 

Recently Dr. Lawrence and Mr. Aeber- 
sold have studied‘ the comparative effect 
of the two radiations on another mouse 
tumor, a mammary carcinoma, obtained 
from Dr. Strong, of Yale. This mammary 
carcinoma, like the Sarcoma 180, is an 
easily transplantable tumor so that it 
could be dissected from one animal, cut 
up into small tumor particles, exposed to 
the radiations in vitro, and then injected 
into many animals, following which the 
ultimate growth of the tumors in the 
animals could be observed at various times 
up to several months. The tumor par- 
ticles were wrapped in filter papers, 
moistened with suitable physiological solu- 


’ Lawrence, John H., Aebersold, P. C., and Lawrence, 
E. O.: Comparative Effects of X-rays and Neutrons 
on Normal and Tumor Tissue. Proc. Nat. Acad. Sci., 
September, 1936, 22, 543-557. 

4 These biological investigations were aided by 4 
grant from the Josiah Macy, Jr., Foundation. 
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Fig. 8. General view of the cyclotron. 


tions, and then placed in a capsule in a 
hole in a wooden plug block which had 
dimensions about equal to those of a 
mouse. The reason for placing the capsule 
in the plug of wood was to insure that the 
tumor particles were exposed to about 
the same quality of radiation as would be 
produced on the interior of a mouse ex- 
posed to the radiation at the place oc- 
cupied by the wooden plug. As I shall 
bring out more clearly later, mice were also 
exposed to the neutrons, for it was the pur- 
pose of the experiment to compare the 
effect on the tumors and on the mouse as a 
whole. The plug of wood, as shown in 
Figure 2, fitted into a suitable hole in a 
larger wooden block. This abundance of 
wood surrounding the biological objects 
tended to produce a homogeneity of radia- 
tion over the irradiated substances. 
Figures 3 and 4 show the results of the 
observations both with neutrons and with 


x-rays. More than a thousand tumor par- 
ticles were exposed to the radiations so 
that statistical fluctuations were small 
and the results quite definite. We see 
that an x-ray dose of about 4,500 r was 
required to kill all of the tumors, while 
50 per cent were prevented from growing 
in the mice by an exposure to 3,600 r. 
Now turning to the neutron experiments, 
we see that similar curves are obtained, 
shown in Figure 4. Here we see that about 
1,000 r kills them all and that the 50 per 
cent point comes at 700 r, so dividing 3,600 
by 700, we see that the neutrons are about 
5.1 times more lethal. 

Now, of course, from the standpoint 
of the possibility of radiation therapy 
the fact that neutrons are five times more 
lethal on tumors than x-rays in itself is 
not of particular significance, for it is the 
selective effect, the relative effect on the 
tumor in relation to the surrounding healthy 
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Fig.9. Photograph of beam of 5.8 million volt deuterons emerging into the air through a platinum window 


in the wall of the cyclotron chamber. 


tissue, that is of importance. In order to 
get one measure of the comparative effect 
of neutrons on healthy tissue, mice as a 
whole were exposed to both neutrons and 
x-rays and the lethal effects observed. 
Hundreds of mice were exposed to various 
doses of both forms of radiation and the 
effects on the subsequent lives of the 
animals were observed for several months. 
As a convenient indication of the lethal 
effect on the healthy mice we adopted as a 
measure what might be called the ‘‘lethal 
power’’ of the radiation, which is the re- 
ciprocal of the number of days the animal 
lives after exposure to radiation. Thus, if 
the animal lives a very long time, the 
reciprocal of the number of days is a 
very small number, and accordingly the 
lethal power is very small. If the animal 
lives a short time, for example, two days, 
the lethal power is one-half, which is on 
this scale a large lethal power. The 
average lethal powers for the large number 
of animals exposed at various doses is 


shown in Figure 5. Here we see that nice 
smooth curves are obtained and the curves 
are nearly superposable with the abscissa 
of the dosage scale for the x-rays four times 
larger than that for the neutrons. The 
120 r of neutrons just produced a per- 
ceptible killing effect on the healthy mice, 
while it takes about 400 r of x-rays to do 
the same thing. In other words, for a 
detectable lethal effect, the neutrons are 
about 3.3 times as effective as the x-rays, 
while for larger lethal powers the ratio 
approaches 4 and we may take 3.8 as 
an average ratio. 

Results of all these experiments are 
summarized in Figure 6. For the small 
biological objects that have been recently 
studied, for which the dosage measure- 
ments are of greatest precision, it is found 
that the ratio of the biological effective- 
ness of x-rays and neutrons varies all the 
way from 2.1 for the flies’ eggs to 5.1 
for the mammary carcinoma. We could 
express these ratios the other way around. 
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For example, in therapy one is interested 
in the effect on the tumor relative to the 
effect on the host, the mouse in these experi- 
ments. The ratio of the 50 per cent 
tumor dose to the perceptible killing 
mouse dosage for x-rays is 3,600 divided 
by 400, a ratio which is 9. In other words, 
the mouse can tolerate over its whole body 
only one-ninth the dose of x-rays required 
to kill 50 per cent of the tumor particles 
in vitro. With neutrons the ratio is 700 
divided by 120, that is, 5.8. Instead of 
only one-ninth the tumor dose, the mouse 
can stand about one-sixth of the 50 per 
cent tumor killing dose and so we see that 
the experiments indicate that a more 
effective dose on the tumor using neutrons 
can be given without killing the mouse. 

If these indications of a greater selective 
action of the neutron rays on tumor tissue 
prove to be true for carcinomas 7m vivo, 
it is a very important matter. My col- 
leagues, Dr. John Lawrence and Mr. Aeber- 
sold, as well as myself, regard these ob- 
served ratios as preliminary and we are still 
looking for possible systematic errors in the 
experiments. We have, however, all along 
looked very carefully, and as far as I can 
see, these results are approximately right. 

Now in the remaining time I should like 
to show slides of the apparatus that has 
been used in these experiments, with a few 
comments, because you will possibly be 
interested in whether or not the practical 
clinical implications of the results here 
presented are really of more than labora- 
tory and scientific interest; whether it is 
really a practical matter to use neutron 
rays in medical therapy as you use your 
X-ray machines. 

Instead of bombarding a target of a 
heavy metal with high speed electrons, 
as is done in the production of x-rays, 
heutron rays are produced by bombarding 
a target of a light metal, notably beryllium, 
with very energetic deuterons, the nuclei 
or ions of heavy hydrogen. In order to 
produce sufficient intensity of the neutron 
radiation from the beryllium target for 
the purposes of biological work, it is 
hecessary to bombard the target with 
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Fig. 10. Here the energetic beam of atomic 
projectiles (5.8 million volt deuterons) emerges 
6 feet from the chamber wall at the end of an 
attached vacuum tube. 


deuterons of several million volts of energy, 
because the production of neutron rays 
increases rapidly with voltage. In our 
laboratory the deuterons are accelerated 
to these high speeds by causing them to 
spiral around between the poles of a large 
electro-magnet under the combined action 
of the magnetic field of the magnet and a 
high frequency oscillating electric field. I 
need not go into the details of the apparatus 
called the cyclotron, which does this, ex- 
cepting to say that the ions are accelerated 
in a drumlike vacuum chamber spiralling 
around inside the semicircular hollow 
electrodes and finally emerging at the 
periphery of the chamber, where they are 
caused to strike the beryllium target. 
A general view of this vacuum chamber is 
shown in Figure 7 and the chamber be- 
tween the poles of the large electro-magnet 
is shown in Figure 8. 

In the present experiments, bombarding 
currents of about 2() micro-amperes of 5.5 
million volt deuterons were used. The 
biological objects were placed in the wooden 
receptacle adjacent to the wall of the 
vacuum chamber (which, however, cannot 
be seen in this photograph). 

I should like to insert here another slide 
(Fig. 9) showing the beam of energetic 
deuterons emerging from the vacuum 
chamber through a thin platinum window 
into the air. The atomic ions pass through 
the air for a distance of about ten inches 
before losing their energy; and in addition 
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to producing nuclear effects, including 
neutron rays, they produce x-rays and 
gamma rays and visible radiation. The 
beam has a lavender color to the eye and is 
photographed in a few seconds. 

For some purposes it is desirable to di- 
rect the beam of deuterons at a target 
considerably away from the main vacuum 
chamber and this can be done by attach- 
ing a suitable vacuum tube. Figure 10 
shows the beam emerging into the air 
through the platinum window at the end 
of a brass tube extending six feet out from 
the cyclotron chamber. Of course, the 
beryllium target could be placed at the 
end of this tube, an arrangement that 
would be obviously convenient for medical 
purposes. 

The magnet shown in the previous slide 
is much larger than needed for the accelera- 
tion of the ions to speeds thus far used. 
We intend to draw more fully on the power 
of the magnet soon now and will produce 
much larger currents of deuterons at high 
voltages. At the present time the neutron 
intensities are a bit weak for extensive 
medical experiments, but with the en- 
larged apparatus it is probable that the 
neutron emission from the beryllium tar- 
get will be effectively equal in biological 
action to the usual yield of x-rays from a 
deep therapy x-ray machine. 

We have done some experiments on 
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collimating neutron rays, and find that 
there are no great difficulties in the way 
of producing a beam of neutrons suitable 
for purposes of medical therapy. Instead 
of using port holes in lead it is necessary 
to use channels through tanks of water 
or paraffin or any absorbing substance 
rich in hydrogen. 

The view of the cyclotron which I have 
shown in the illustrations perhaps gives you 
the impression that the apparatus is 
extremely large and costly but it is not 
so bad as it seems at first sight. At the 
present time I am of the opinion that a 
cyclotron can be engineered and developed 
in a way that will make it entirely prac- 
tical for the purposes of medicine. 

Finally, may I say that these experi- 
ments encourage us in the view that the 
recent discoveries of nuclear physics, nota- 
bly the neutron rays and the artificial 
radio-active substances have extremely 
important bearing on the medical sciences, 
and so I am glad that through the active 
interest and generous support of the Chemi- 
cal Foundation we are now building a new 
cyclotron designed primarily for medical 
research and therapy. In another year or 
so it will be in operation and I do hope 
that some day I may have the pleasure 
of coming back here and reporting to you 
further progress in this new field of radi- 


ology. 








THE MEASUREMENT OF X-RAYS WITH LIQUID 


IONIZATION 


CHAMBERS! 


By LAURISTON S. TAYLOR, Physicist, National Bureau of Standards, Washington, D. C. 


=WO years ago, we reported” some pre- 
liminary measurements on the ioniza- 

" tion produced in liquid carbon disul- 
phide by x-rays. Our interest in the prob- 
lem lies in its possible application to 
medical dosage in cases in which we wish to 
measure the total number of ions produced 
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deduced by plotting the reciprocal of the 
current against the reciprocal of the applied 
voltage, V, and extrapolating linearly tol/V 
= (. For high fields the plot is nearly 
linear in accord with Jaffé’s theory of 
columnar ionization (1, 2). 

However, when a steady direct current 
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in tissue-equivalent material. While it is 
impossible to attain saturation conditions 
in liquids, as is common with gases, we have 
shown that the saturation current may be 


1 Presented before the Radiological Society of North 
America at the Twenty-second Annual Meeting, at 
Cincinnati, Nov. 30—Dec. 4, 1936. 

Publication approved by the Director of the National 
Bureau of Standards of the U. S. Department of Com- 
merce. 

For a more detailed description of this work see 
paper by L. S. Taylor in NBS Jour. Research, 1936, 
17, 557. 

* At the Memphis meeting of the Radiological 
Society of North America, 1934. 


60 


TIME~MINUTES 


i 


potential is applied to a liquid ionization 
chamber, a barrier potential arising from 
a space charge or surface layer is built up, 
which quickly reduces the field in the liquid 
to roughly 45 per cent of the applied 
value. This barrier potential reaches an 
appreciable value in a small fraction of a 
second but does not attain its maximum 
magnitude for about ten minutes, during 
which interval the measured ionization 
current decreases exponentially. 

Figure 1 shows the measured ionization 
current, as a function of the lapse of time 
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for a succession of different potentials ap- 
plied to the plates of the ionization cham- 
ber—with and without x-radiation. It is 
seen that for each increase in voltage, with 
x-rays on, the ionization current rises to a 
high value, then falls off, rapidly at first, to 
an essentially steady value in about ten 
minutes. As indicated, this is caused by 
the building up within the cell of a barrier 
potential. If, on the other hand, the ap- 
plied potential be decreased, the ionization 
current drops abruptly to a low value, then 
gradually rises again to a considerably 
higher steady value in about the same ten- 
minute period. This second sequence re- 
sults from the partial dissipation of the 
barrier potential set up by the higher ap- 
plied voltage and consequently increases 
the field strength within the liquid. Fi- 
nally, if the applied potential be removed 
and the circuit closed, the ionization cham- 
ber becomes itself a transient source of 
current. 

It is interesting to note, also, how the 
space charge depends upon other factors 
associated with the use of a liquid ioniza- 
tion chamber. In Figure 2 the barrier po- 
tential is plotted against the potential ac- 
tually applied to the plates of the chamber. 
Curves A show that, without x-rays, the 
barrier potential is proportional to—about 
45 per cent of—the applied potential. 
That is, the barrier potential, in the steady 
state, makes the field strength within the 
liquid about half that to be expected from 
the applied voltage. Curves B show that 
for a definite applied voltage, the barrier 
potential decreases with increase in the in- 
tensity of the x-rays producing the ioniza- 
tion. Contrary, perhaps, to expectations, 
this decrease in barrier potential is due to 
the increased conductivity of the liquid 
which permits a more rapid dissipation of 
the space charge. 

It was fairly obvious that we should re- 
consider the validity of computing satura- 
tion from a reciprocal plot of applied field 
versus current for Jaffé’s theory predicts a 
linear relation between 1/i and 1/E when 
E is the actual field in the liquid as reduced 
by the barrier potential. 
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Consequently, the first step in our more 
recent studies (3) has been to investigate 
the variation of the ionization current 
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within that very short interval following 
the application of the voltage to the ioniza- 
tion chamber, and before the barrier po- 
tential has an opportunity to reach an ap- 
preciable value. 

To do this, a square wave voltage, as 
shown in Figure 3-A, of variable frequency 
and variable amplitude was applied to the 
cell. The ionization current was measured 
during the interval 6-c—adjustable in 
length and in position with respect to the 
front of the wave at a. This was accom- 
plished by means of the apparatus indicated 
diagrammatically at B. By means of the 
three commutators, A, B, and C, the square 
wave voltage is applied to the ionization 
chamber. On the same shaft is a selector 
D which ungrounds the electrometer sys- 
tem for a predetermined portion of the 
cycle. A fifth commutator, E, is for the 
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purpose of preventing the segment, d, from 
picking up a stray charge during the time 
the electrometer is grounded. 
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measurement.. We have consequently se- 
lected the time interval involved as that 
in which no appreciable counter E.M.F. 
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ting, a balance current is applied to the 
system during the ungrounded interval by 
means of the potentiometer and high re- 
sistance, 7, and adjusted until the deflec- 
tion of the electrometer filament disap- 
pears. By this current selector system the 
current flowing through the cell for inter- 
vals as short as 0.0001 second at 0.002, and 
up to 0.5 second, after application of the 
voltage can be measured. 

To test for the persistence of the barrier 
potential after each pulse of the square 
wave potential, the ionization chamber was 
disconnected from the voltage source at an 
arbitrary position such as e and at the same 
time connected to the electrometer. No 
current was ever noted within the range of 
alternation frequencies employed. 

Figure 4 shows, under a field of +50 
kv./cm. applied to the chamber, the varia- 
tion of ionization current with lapse of 
time, 7,, between the application of volt- 
age and the measurement of the ionization 
current. Following the sequence of our 
measurements, with decreasing 7,, the cur- 
rent increases, reaching a somewhat steady 
value at a (0.03 sec.) and continuing down to 
b(0.02 sec.). This constant value is revealed 
repeatedly under the various conditions of 


or barrier potential has been built up. This 
leaves, for the present at least, the remain- 
ing steep portion of the curve unexplained. 

The sharp rise to c is not entirely under- 
stood. The charging transient and ions ac- 
cumulated in the period while the voltage 
is off will tend to give an initial high cur- 
rent but elementary considerations neg- 
lecting space charge indicate that a steady 
state is reached in less than 5 X 10~* sec., 
while the observed time is three or four 
times this. We do not see any simple rela- 
tionship between the breaks in the curve 
and the failure to pull out of the cell all of 
the ions present before the voltage was ap- 
plied, unless there is a lack of field penetra- 
tion due to the high ion concentration. 

The steady state current value, at T = 
1,000 sec., is about 45 per cent of the cur- 
rent in the interval a — b. This is in agree- 
ment with the values of the barrier poten- 
tial to be expected from data indicated in 
Figure 2 and hence is consistent with the 
assumption that the conditions in the in- 
terval ab are essentially free from space 
charge. 

Figure 5 shows a group of reciprocal 
current-voltage plots obtained for the same 
x-ray beam and different periods 7,. The 
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plots will differ, depending upon whether, = ~. From the slope of the straight por- 
for abscissa, the applied or the effective tion of the curve the magnitude of the bar- 
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voltage is used. It is seen that as the in- rier potential in terms of the applied poten- 
terval T,, becomes shorter, the curve drops tial can be deduced. These derived values 
lower. The group of curves extrapolated, have been checked for other values of 7, 
appear to intersect in a single point at V_ ranging up to 19 minutes. 
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The variation of the current at infinite 
field, with the intensity of the radiation, is 
shown in Figure 6, curves 1 and 2 being ob- 
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curves. Potentials corresponding to the 


curved portion of the plots can only rarely 
be used in intensity comparison. With 





Fig. 6. 


tained at 160 kv. (constant) with 4 and 8 
ma., respectively. The values of J., ob- 
tained by extrapolation are 21.7 and 42.9, 
being within experimental limits in the 
ratio of 1:2. The proportionality of J. to 
intensity has been found to hold within a 
range of at least 20:1 for a given quality of 
radiation. 

When the quality of the radiation is 
changed at the same time as the intensity, 
the proportionality of J., and intensity as 
measured by air ionization no longer holds. 
Curve 3, for 8 milliamperes and 0.4-milli- 
meter copper filtration, gives a value for 
I, = 26.7, making a ratio of 2.13 with the 
value of J,, at no filtration. This compares 
with a similar ratio of 1.61 obtained by air 
ionization measurements with a calibrated 
thimble ionization chamber. 

It may be puinted out that when com- 
paring x-ray intensities of a given quality 
by means of a liquid ionization chamber, 
single measurements made at a given 
chamber potential may be used, provided 
they fall on the straight portions of the 


Inverse current voltage curves: 


1 06 08 


Vv 
x-ray intensity varied. 


direct current, applied fields in excess of 
25 kv./cm. must, in general, be used, while 
with the square wave voltage, field 
strengths as low as 10 kv./cm. may some- 
times be used. 

We have thus shown how steady D.c. po- 
tential on a liquid ionization chamber can 
be used to determine the saturation cur- 
rent in a liquid exposed to x-rays. 

It has been possible to evaluate the 
energy required to produce an ion pair in 
liquid CS, on the basis of a direct com- 
parison of air and liquid ionization and the 
relative absorption of the two media. This 
energy is about the same for the liquid as 
for the gas; viz., 28 volts per ion pair. The 
problem of evaluating the relative number 
of ion pairs produced in body tissue as com- 
pared with air cannot be solved by meth- 
ods developed to date because the nor- 
mal conductivity of tissue is of a higher 
order of magnitude than the change in con- 
ductivity produced by intense radiation. 
We have, however, measured the ioniza- 
tion produced in liquids by a steady source 
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of x-rays in instances in which the natural 
conductivity varied over a range of 1,000 
times, and have found no measurable 
change in the ionization, produced by the 
X-rays, arising from variations in the nor- 
mal conductivity. 

We also reported earlier some measure- 
ments of Eve’s constant by means of a 
liquid ionization chamber (4). These, 


made with 50 mg. of radium and involving 
large and somewhat uncertain corrections, 
gave for Eve’s constant a value of 6.9, 
which is considerably below the value ob- 
tained by Glasser, Mayneord, and others. 
These measurements have been repeated, 
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using 500 mg. of radium. The resulting 
value for Eve’s constant was slightly higher 
than our earlier value, but still substan- 
tially lower than that obtained by the 
other investigations. We are not yet 
ready, however, to put full faith in the cor- 
rectness of our results. 
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AN OIL-IMMERSED X-RAY OUTFIT FOR 500,000 VOLTS AND AN OIL-IMMERSED 
MULTI-SECTION X-RAY TUBE! 


By E. E. CHARLTON, GEORGE HOTALING, W. F. WESTENDORP, and 
L. E. DEMPSTER, Schenectady, N. Y. 


N recent years there has been an ever 
| growing demand for higher voltage x-ray 

equipment in both the medical and the 
industrial fields. An x-ray tube that must 
operate continuously day after day at high 
voltage and current requires a degree of 
dependability and reliability that is more 


must be stable and reproducible and they 
must be free from occasional puncture of 
the insulating envelope. Operating de- 
lays caused by the necessity of prolonged 
aging, by instability, or by the occasional 
puncture of the insulating envelope, will 
become increasingly serious. 
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exacting than is needed in types of tubes 
designed primarily for experimental work. 
Such tubes must require only the minimum 
amount of technical service and of operat- 
ing attention to be a useful tool in medical 
and industrial application. They should 
never be operated up to the very limit of 
their capacity; they should be capable of 
operation at full load within a few moments 
from the time the operator has applied the 
voltage. Their electrical characteristics 

1 Read before the Radiological Society of North 


America, at the Twenty-second Annual Meeting, at 
Cincinnati, Ohio, Nov. 30-Dec. 4, 1936. 
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Four-section high voltage x-ray tube. 


Field Current Problem.—The field cur- 
rent problem is perhaps the most impor- 
tant limiting factor that determines the 
maximum voltage and current at which 
the tube can be safely operated. These 
currents are produced by electrostatic 
forces which are powerful enough to pull 
electrons out of cold metal surfaces. Field 
currents may cause unstable operation in 
any x-ray tube and may destroy the vac- 
uum as well. The dangers of producing 
field currents at higher voltages may be 
minimized by a suitable choice of metal, 
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by its proper heat treatment before assem- 
bly and ,during exhaust, and by suitable 
electrode and tube design. The harmful 
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struction in order to control better the 
field current problem in high voltage tubes, 
By intermediate electrodes between the 
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Fig. 2. Eight hundred thousand volt multi-section x-ray tube. 


effects of these currents may be minimized 
and the voltage range may be widened by 
increasing the strength of the dielectric 
wall of the insulating envelope. This 
may be done by thickening the glass or 
porcelain wall, immersion in oil, or the use 
of a double wall vacuum jacket. The 
harmful effects of field currents may also 
be decreased by suitable electrode dimen- 
sions, and by electrode shielding, which 
decreases the chance of these random cur- 
rents striking the insulating envelope. 
Multi-section X-ray Tube Construction.— 
Several years ago Dr. Coolidge (1) began 
the development of the multi-section con- 


cathode and anode the potential gradient 
across the tube could be better distributed. 
The maximum voltage between any ad- 
jacent pair of electrodes could thus be 
kept safely below values at which field 
currents might occur. We have had two 
tubes of this type in active operation in 
busy hospitals for three years, and they 
have been completely free from the field 
current problem. Figure 1 illustrates the 
construction of this type of tube which was 
built for operation in air at 800,000 volts. 
It consists of four sections with 200,000 
volts applied to each. There are a cath- 
ode, anode, and three intermediate elec- 
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trodes. The tube has an over-all length 
of 14 feet and is 13 inches in diameter, and 
is operated while connected to a vacuum sys- 
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ure 2 shows a photograph of one of these 


four-section tubes. It is mounted on an 
insulating support of porcelain, treated 
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tem. This is done largely because com- 
plications connected with operations on a 
pump do not seem to be as serious as those 
of thoroughly outgassing the entire tube 
structure in these larger types of tubes. 
In our earlier experience with the operation 
of tubes on the pump it was clearly dem- 
onstrated as being desirable to eliminate 
the refrigerant from the trap between the 
tube and the pump, in commercial installa- 
tions, both because of the expense and be- 
cause of the exacting attention demanded. 
The substitution of an oil diffusion, for 
mercury diffusion, pump made this pos- 
sible. Apiezon oil is used in this pump, 
which has been designed to operate at 
high speed. A charcoal trap is placed in 
the line between the diffusion pump and 
the tube. It improves the vacuum that 
can be obtained in the tube and prevents 
oil vapor from gaining entrance to the tube. 
A vacuum of the order of 0.004 micron can 
be easily maintained in this tube with the 
minimum of care when it is in daily opera- 
tion over a period of many months. Fig- 


Eight hundred kv. voltage doubling circuit. 


maple, and paper shellac pillars. The 
anode end of the tube is at ground poten- 
tial. Electrical conductors of large diame- 
ter are used between the intermediate 
electrodes and the proper taps on the high 
voltage generator to eliminate the corona 
problem. 

Many different types of generators 
could be built which would be satisfactory 
in supplying voltage to a tube of this de- 
sign. The one chosen for this tube was a 
voltage-doubling circuit employing several 
transformers, condensers, and rectifier 
tubes. Figure 3 shows a circuit diagram 
and Figure 4 a photograph of this equip- 
ment. It is capable of supplying 30 ma. 
continuously at 800 kv.p. to the x-ray 
tube. 

Oil-immersion of X-ray Tube and Gener- 
ator—An x-ray outfit of this capacity 
built for operation in air requires a special 
building to house it, which increases its 
cost of installation. To reduce this total 
installation cost, we have been developing 
high voltage units to operate in oil Both 
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Fig. 4. Eight hundred thousand volt generating apparatus. 


the x-ray tube and the high voltage gener- 
ator will be immersed in oil, and no high 
tension leads will be exposed to air. The 
use of oil insulation greatly reduces the 
volume of the equipment, and the smaller 
installation space permits its use in prac- 
tically any existing building. 
Multi-section Oil-immersed X-ray Tube. 
—The oil-immersed tube we wish particu- 
larly to describe is for operation at 500,000 


INTERMEDIATE 
—- TRODES 


HOT CATHOD \ re 
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volts, with the x-ray target at ground 
potential. Figure 5 is a diagram of the 
five-section tube designed for operation at 
this voltage in oil. The tube consists of 
a cathode, anode, and four intermediate 
electrodes. The insulating portion of the 
tube has an over-all length of 26 inches 
and a diameter of 3.5 inches. The ex- 
tension chamber is built with a nickel tube 
24 inches long and 2 inches in diameter. 
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Fig. 5. Five hundred thousand volt multi-section x-ray tube. 
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Fig. 6. Fig. 7. 
Fig. 6. Five hundred thousand volt oil-immersed multi-section x-ray tube. 
Fig. 7. Five hundred thousand volt x-ray transformer. 











Fig. 8. Cross-section and top view of 500 kv. oil-immersed x-ray unit. 
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The tungsten target is backed by nickel 
cast on in vacuum, and is located at the 
end of the tube outside the voltage insu- 
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Fig. 9. Secondary winding and circuit diagram 
of 500 kv. oil-immersed x-ray unit. 


lating envelope. The intermediate elec- 
trodes are connected to the glass with Fer- 
nico metal seals (2). This metal is an alloy 
which has an expansion coefficient that 
exactly matches that of the glass and hence 
permits the metal, at the point of fusion 
to the glass, to be of any thickness desired 
to give a very rugged structure. The in- 
termediate electrodes are hollow cylinders 
2 inches in diameter and 4 inches long with 
their co-operating ends spaced 1 inch a- 
part. The focusing cup surrounding the 
filament is electrically insulated from the 
filament in order that it may serve as a 
grid to limit the electron flow to any time 
interval desired. The metal flange at- 
tached to the extension chamber serves as 
the tube support. A demountable water 
jacket, for cooling the tungsten target and 
the side walls of the extension chamber, is 
fastened to this flange. A lead jacket 
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surrounding the extension chamber, to 
provide protection against all radiation 
except the useful beam and the portion 
that passes back through the axis of the 
tube, is also fastened to this metal flange. 
A magnetic focusing coil is housed inside 
this lead sheath to adjust the diameter of 
the focal spot to any desired size. Figure 
6 is a photograph of one of these tubes, 
In comparison with the previous tube for 
operation in air at 800,000 volts this one 
is extremely small. Utilizing this _prin- 
ciple of construction, an x-ray tube can 
apparently be built for satisfactory opera- 
tion at any desired voltage. The diameter 
and length of the extension chamber hous- 
ing the x-ray target are determined by the 
size of the focal spot and the desired loca- 
tion of the x-ray emitting source with re- 
spect to the patient or radiographic ob- 
ject. 

The Ouil-immersed High Voltage Genera- 
tors —There are many types of high volt- 
age generators that could be built to sup- 
ply power to this tube. Most of them are 
complicated, requiring many pieces of 
electrical equipment, the construction and 
assembly of which make them inherently 
expensive. In this development we have 
sought to reduce cost to the minimum by 
having a single step-up transformer and 
permitting the tube to rectify its own cur- 
rent. This is one of the simplest forms of 
x-ray generating outfit. Figure 7 shows a 
photograph of the transformer. In the 
design of this unit we have attempted to 
emphasize simplicity, ruggedness, and 
reliability. The three parts of the trans- 
former, the magnetic circuit, and the pri- 
mary and secondary coils show these quali- 
ties to a marked degree. 

The magnetic circuit is provided with 
four gaps of predetermined width. These 
gaps require a high magnetizing current 
which is automatically supplied by the 
charging current in the secondary winding 
and thus obviates the necessity of draw- 
ing a large charging current from the line. 
In other words, by means of the four gaps 
the circuit is tuned, and the primary cur- 
rent drawn from the line is a minimum. 
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Fig. 10 (upper). Anode end of revolving tube of 500 kv. oil-immersed x-ray unit. 
Fig. 11 (lower). Composite photograph of x-ray tube and transformer. 


The round center core, the bottom and top 
yoke, and the vertical leg are all bolted up 
as individual units and then assembled 
with thin phenolic resin spacers between 
them. This construction eliminates the 
tedious interleaving of the iron. The 
round core is placed in the center of the 
tank, while the yokes and the vertical leg 
are recessed in troughs along the tank 


walls. In this construction the blending 
of these portions of the magnetic circuit 
into the interior of the metal container 
eliminates the effect of corners and edges 
and hence provides great electrostatic 
smoothness as well as materially reducing 
the size and weight of the entire outfit. 
The primary is wound on a paper shellac 
cylinder placed around the round core, 
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and consists of a helix of flat bare copper 
strip with cord spacing. The outside sur- 
face is very smooth electrostatically. The 
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vature, toroidal in shape, which serves as 
a housing for the cathode end of the tube, 
the filament winding, the filament contro} 





Fig. 12. Five hundred thousand volt x-ray outfit. 


primary voltage is low and can be obtained 
from an autotransformer operated on the 
220-volt 60-cycle line. The primary cur- 
rent drawn at a useful load of 525 kv.p. and 
10 ma. is 56 amps. at 185 volts, the power 
factor being about 70 per cent. 

The secondary consists of 74 coils, all 
of the same diameter, made up of press- 
board rings and double cotton-covered 
wire baked in shellac. These coils are 
stacked up and held together between two 
insulating end rings, by means of mycalex 
bolts placed on the outside of the coils. 
This method of construction of the secon- 
dary permits a more uniform grading of 
the potential throughout the solid dielec- 
tric materials. As a result, the dangers 
of surface creepage discharges are mini- 
mized, and a higher total voltage can be 
safely obtained from the secondary wind- 
ing of any given size. The high voltage 
end of the secondary is provided with an 
aluminum spinning of large radius of cur- 


reactor, and the bias elements. The mini- 
mum distance between primary and second- 
ary and between the aluminum spinning 
and the tank is five inches. 

The Assembled Oul-immersed Outfit.— 
Figure 8 shows the plan of the assembled 
unit. The over-all dimensions of the 
tank are 4 feet wide, 4 feet high, and 6 feet 
long, which includes the projected cone 
housing. the insulation portion of the x- 
ray tube. The tube is fastened to the 
grounded metal tank by the anode flange, 
and this serves also as the main tube sup- 
port. The transformer is bolted to the 
bottom of the tank. The cathode end of 
the x-ray tube recesses into the aluminum 
spinning, and is electrically connected to 
the filament energizing circuit and the 
cathode biasing unit, all of which are 
housed inside this electrostatically shielded 
structure. This use of the aluminum 
spinning as a housing for this auxiliary 
equipment, which must necessarily be at 
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high potential, eliminates the danger of gradients may be established near the 
high stress points developing on any of electrode surfaces, when this outfit is 
these parts. Voltage taps are brought out operated at several hundred thousand 
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Fig. 18. X-ray output of self-rectified multi-section x-ray tube: 525 kv.p., 10 ma. 
current, 70 cm. target-chamber distance: no back-scatter. 


from suitable places in the secondary wind- volts. These gradients could be sufficient 
ing and connected to the intermediate to produce cold cathode discharges in a 
electrodes, through high resistances and _ radial direction and have sufficient energy 
toroidal shields which have been placed to damage and possibly to puncture the 
around the tube envelope. Strong radial envelope walls. The toroidal shields, sur- 
fields would exist between the intermediate rounding each of the intermediate elec- 
electrodes and the grounded tank walls, trodes and connected to them provide ef- 
which become increasingly pronounced fective electrostatic shielding against these 
with the sections nearest the cathode. Be- radial fields within the tube envelope and 
cause of the relatively small radius of cur- eliminate the danger of disruptive dis- 
vature of the electrodes and the large dif- charges to the glass walls. These shields 
ference between the dielectric constants are mechanically supported by a paper- 
of the vacuum within the envelope and shellac tube, which surrounds the x-ray 
the oil outside, extremely high potential tube, and are connected by sliding spring 
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contacts with the intermediate electrodes. 
In order to permit rotation of the useful 
beam of x-rays around the long axis of the 


Fig. 14. Cathode-ray oscillograms showing 
voltage and tube currents. (A) Bias 2.1 to 1 
ratio peak to average current; (B) bias 5.0 to 1 
ratio peak to average current; (C) bias 8.0 to 1 
ratio peak to average current. 


tube, the entire tube is rotatable indepen- 
dently of the tank by means of a gear wheel 
mechanism. Essentially the construction 
includes two bearing surfaces with a suit- 
able oil-tight packing joint. Sufficient 
flexibility is given the cathode connections 
to permit 360 degrees of rotation of the x- 
ray beam around the long axis of the tube. 
We contemplate rotating the unit as a 
whole in the vertical plane through the 
tube, by mounting suitable trunnion sup- 
ports on the two sides near the center of 
gravity of the outfit. 

Figure 9 illustrates better the method 
of filament control. An insulated drive 
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shaft, positioned close to the secondary 
coil, extends from the bottom of the tank 
up into the aluminum spinning, and the 
inductance or resistance, used to contro} 
the filament heating current and thereby 
the amount of electron current from the 
filament can be adjusted, so that the cur- 
rent and voltage of the x-ray tube can be 
independently chosen. In a similar man- 
ner the amount of bias on the x-ray tube 
can be adjusted. The electrical circuit 
diagram is also shown in Figure 9. The 
milliampere meter is placed between the 
low voltage end of the secondary winding 
of the transformer and ground, and a volt- 
meter, placed across the primary, is cali- 
brated to give the kilovoltage applied to 
the x-ray tube. A pick-up plate may be 


placed inside the tank and connected to a 
cathode-ray oscillograph, which can then 
be calibrated to indicate directly the kilo- 
voltage, the wave form, and the relation 
between the inverse and useful voltages. 
The inverse and useful voltages are very 
nearly equal due to the low reactance of 


the transformer. Figure 10 shows more 
in detail the construction of the x-ray tar- 
get projecting from the tank wall. 

Figure 11 is a composite photograph of 
the transformer and x-ray tube without 
the shields, outside the tank. Figure 12 
shows the assembled outfit in the tank. 
This outfit has been operated experimen- 
tally up to 700,000 volts and 10 ma. and 
can be very conservatively rated at 500,- 
000 volts and 10 ma. for continuous opera- 
tion. There are no inherent difficulties 
in increasing the current capacity of this 
unit if a more intense x-ray output seems 
advantageous. 

The Use of Cathode Bias —The use of a 
negative bias between the focusing cup and 
the filament permits electron flow through- 
out that portion of the voltage wave that 
is desired. This allows the generation of 
x-rays to occur only near the peak in the 
voltage wave, and increases the x-ray out- 
put per milliampere so that it closely ap- 
proximates that of a constant potential 
generator operating at the same voltage. 
The bias circuit used renders the focusing 
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cup positive in potential with respect to 
the filament during that portion of the 
cycle at which current flow is desired. 
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Fig. 15 (left). 
target-chamber distance: 
Fig. 16 (right). 
target-chamber distance: no back-scatter. 
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This is accomplished by connecting the 
focusing cup to a tap on the main winding 
which provides a positive potential during 
the useful half cycle to the focusing cup 
and by offsetting this positive potential 
by a constant negative bias due to a charge 
accumulated on a condenser placed in the 
lead between focusing cup and tap (Fig. 
9). The magnitude of this negative bias 
may be regulated by a control resistance 
connected across the condenser which al- 
lows the charge to leak off, and thereby 
determines the desired amount of bias. 

X-ray Output.—Figure 13 shows the 
copper absorption curve for different de- 
grees of bias. These measurements of 
the x-ray beam were made at 90° to the 
main axis of the tube and with a standard 
Victoreen condenser r meter. It is to be 
noticed that at these higher voltages the 
quality of the radiation is practically in- 
dependent of the amount of bias that is 
used on the cathode. Figure 14 shows the 


X-ray output of self-rectified multi-section x-ray tube: 


X-ray output of self-rectified multi-section x-ray tube: 
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oscillographic record of the part of the 
voltage wave at which current was flowing 
when the above x-ray measurements were 


A- 525 KVP. 
B- 400 KV.P 
C- 300 KV.P. 
D- 200 KV.P 
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525 kv.p., 10 ma. current, 70 cm. 


10 ma. current; no bias: 70 cm. 


made. The use of bias in these higher 
voltage tubes will increase the total x-ray 
output per milliampere, but will not affect 
the quality of the beam after it has passed 
through the inherent filtration of the tube 
envelope which is equivalent to four milli- 
meters of copper. Figure 15 shows the 
lead absorption curves for different de- 
grees of bias. The quality of the radiation 
is the same in both cases. Figure 16 gives 
the copper absorption curves with the 
unit operating at different voltages and 
without cathode bias. 

This 500,000 volt unit is shock-proof, 
semi-portable, and does not require a 
special building to house it. The accessi- 
bility of the x-ray target operating at 
ground potential simplifies the problem of 
providing adequate x-ray protection by 
allowing it to be placed nearer the generat- 
ing source, and permits the use of tap 
water for cooling the target. Our experi- 
ence with this equipment indicates that we 
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can build other oil-immersed units for 
much higher voltages with this same gen- 
eral design, without increasing their volume 
and weight to excessive proportions or re- 
quiring the construction of special build- 
ings in which to install them. 
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THE THIMBLE IONIZATION CHAMBER’ 


By OTTO GLASSER, Pu.D., and JOHN VICTOREEN, Cleveland, Ohio 


structed small thimble chambers of 
many different materials and shapes in 
an attempt to test a theoretical formula by 
means of which the ionization current 
within the thimble chamber could be cal- 


l’ 1925, Fricke and Glasser (1) con- 


required by the previously mentioned 
formula. Investigations which we have 
carried out over a number of years have 
supported this contention. Curve A in 
Figure 1 represents a previously published 
(3) curve of the ratio of ionization currents 
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Fig. 1. 
chamber for various wave lengths. 
Special bakelite chamber. 


culated with sufficient accuracy to be used 
as a primary standard for roentgen-ray 
quantity. In this attempt they were not 
entirely successful. Although much valu- 
able information regarding the behavior of 
various thimble chambers was obtained, 
the so-called ‘‘air wall’’ chamber of carbon 
and aluminum, calculated according to the 
Fricke-Glasser formula to have the same 
effective atomic number as atmospheric 
air (7.69), failed to agree with the standard 
air ionization chamber. However, this 
disagreement stimulated extensive studies 
on the problem of ‘“‘air wall’? chambers. 
H. T. Meyer (2) was the first to call atten- 
tion to the fact that thimble chambers 
which were made to agree with the readings 
of a standard air chamber had an effective 
atomic number which was lower than that 


t Presented before the Radiological Society of 
orth America at the Twenty-second Annual Meeting, 
at Cincinnati, Nov. 30—Dec. 4, 1936. 


Ratio of ionization currents for thimble chambers and a standard air 
A. 


Fricke-Glasser ‘‘air wall’? chamber. B. 


in the Fricke-Glasser “‘air wall’’ chamber to 
those of the standard air chamber for vari- 
ous effective wave lengths. Curve B 
shows the same ratio for a thimble chamber 
built to produce ionization currents which 
run parallel to those in the standard cham- 
ber and which, for a given volume of 2.48 
c.c., had a bakelite wall with an effective 
atomic number of 6.32. Other investiga- 
tors, notably Albrecht (4), Friedrich, Zim- 
mer, and Schulze (5), Glocker and Kaupp 
(6), Kiistner (7), Mayneord (8), Meyer (2), 
Miehlnickel (9), Murdoch and Stahel (10), 
and Sievert (11), have investigated further 
the factors which contribute to the ioniza- 
tion within the enclosing walls of a thimble 
chamber and although their results as a 
whole are similar to those of Fricke and 
Glasser, their studies have brought out some 
new points of importance. It is the pur- 
pose of this paper and of others which are 
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Fig. 2. Influence of wall thickness of bakelite 
thimble chamber upon ionization current. Top 
curve for radium filtered with 1 mm. Pt at large 
distance. Lower curves for three roentgen-ray 
beams of-0.105 A., 0.283 A., and 0.48 A. effective 
wave lengths. 


to follow to correlate those observations 
with our own. 


As a rule, better calculated agreement is 
obtained between the thimble chambers of 


Fig. 3. 


different materials, provided the materials 
are absolutely pure, than between chambers 
of different volumes and shapes. The 
effects of different wall areas and thick- 
nesses and, in addition, the effects of the 
total volume of the chamber or the diame- 
ter upon the ionization produced within 
are complicated and therefore difficult 
to predict. A consideration of the mecha- 
nism of absorption and an actual study 
of the various effects which result in the 
production of ions will illustrate this point. 

In the process of absorption, a photo- 
electron is ejected by an impacting photon, 
the photo-electron absorbing the full energy 
of the photon. The photo-electron, in 
turn, loses its kinetic energy in forming 
ions along its path of travel. This is the 
true photo-electric absorption which con- 
stitutes the major part of ion production 
for longer wave lengths. If the impact of 
the photon is not direct, only a part of the 
photon energy is absorbed, and the direc- 
tions of travel of both the impacted elec- 
tron and the photon are changed, the re- 
coil electron gaining the energy lost by the 
photon. This is the type of absorption 


Roentgen-ray machines and controls. 
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which causes the major portion of the ioni- 
zation current at wave lengths less than 
about 0.10 A. 

In a thimble chamber the electric field 
required to prevent recombination of the 
ions formed exists only in the air volume of 
the chamber and terminates at the inner 
boundary of the chamber wall; therefore, 
even though the process of ionization 
within the wall material is similar to 
that within the air volume, only the ions 
formed within the air are collected. 

The ionization current within the cham- 
ber is increased only by the ions formed by 
those electrons which are directed from 
the wall into the air volume or by scat- 
tering of photons into the air volume. It 
Is evident from this mechanism that the 
radiation incident to the outside of the 
chamber must lose energy in the wall be- 
fore reaching the air volume inside, and 
that the loss is dependent on the absorp- 


THIMBLE IONIZATION CHAMBER 





Ionization chamber measuring arrangement. 


tion in the wall, and therefore, dependent 
upon its thickness and probably its den- 
sity. From this fact alone one would ex- 
pect the ionization current in a given 
chamber to decrease as the wall thickness 
is increased. On the contrary, Albrecht 
(4), Mayneord (8), and Friedrich (5) have 
shown that in the gamma rays there is an 
increase in current with increasing wall 
thickness up to several millimeters. We 
have examined chambers of graphite, 
bakelite, and aluminum to determine the 
effect of these substances, and our results 
are in substantial agreement with those 
obtained with gamma rays by the authors 
just mentioned. (See radium curve in 
Figure 2.) 

For roentgen rays of effective wave 
lengths of 0.283 A. and 0.105 A., as shown 
in Figure 2, and even up to about 0.05 A.as 
produced with voltages around 600 kv., we 
find no substantial change in current with 
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wall thicknesses up to six millimeters. 
For roentgen rays longer than 0.3 A. the 
current decreases with increasing wall 


Fig. 5. Thimble ionization chambers and shells. 


thickness. These measurements were made 
on two x-ray equipments, the outputs of 
which were kept constant within 0.5 per 
cent. The effective wave lengths were de- 
termined according to known methods on 
strongly fore-filtered beams. The actual 
intensity of the beams was constantly con- 
trolled by a standard air chamber. The 
set-up of the x-ray machines and the actual 
method of making the measurement is 
shown in Figures 3 and 4. 

Figure 5 shows the ionization chambers 
used and the shells employed to increase 
the wall thickness in the measurements just 
described. 

From these results, it would seem that 
the loss of energy caused by the increased 
wall thickness within the air volume of the 
thimble chamber is almost entirely com- 
pensated for by the scattering of photons 
and electrons into the air volume. In the 
region of the harder rays, there is an over- 
compensation due to the predominance of 
scattering and, therefore, an increased 
ionization within the chamber. Above 
0.3 A., the larger part of the absorption is 
photo-electric, and therefore, insufficient 
scattering is responsible for a decrease in 
ionization. 

Since the number of ions formed by a 
fast moving electron is proportional to its 
path through the ionizable medium, and 
as the number of fast moving electrons 
present in the ionizable medium depends to 
a large extent upon the number of elec- 
trons existing in the surrounding material, 
we may assume that the current produced 
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within a chamber will depend to a large 
extent upon the shape and area of the sur- 
rounding wali; in other words, the current 
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Fig. 6. lIonization currents in aluminum cham- 
bers of various ,volumes for roentgen rays of 
0.105 A., 0.130 A., and 0.283 A. effective wave 
lengths. 


will not increase linearly with the enclosed 
volume. This point, which was not clearly 
recognized in the original publication of 
Fricke and Glasser in 1925 (1), was tested 
carefully with a series of similarly shaped 
chambers but with varying volumes and 
varying diameters. We selected aluminum 
as the wall material for these chambers 
since it could be obtained in pure form, 
thus facilitating duplication; moreover, a 
greater current and therefore greater ac- 
curacy in measuring the current produced 
in the smallest chambers was obtainable. 
Three curves in Figure 6 demonstrate that 
there is no linear proportionality between 
the ionization current within the enclosed 
volume of a thimble chamber and the vol- 
ume itself provided the chamber is smaller 
than 1 c.c. 

Through these investigations we have 
corroborated in part the findings of others 
and have also revealed further information 
on the behavior of “air wall’ thimble 
chambers. We hope to incorporate this 
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jn a complete study of the measurement of 
roentgen-ray quantities in roentgens for 
all wave lengths in the x-ray and gamma- 
ray regions (13). As a practical result of 
these investigations, we might again state 
here that the value of 8.8 roentgens per milli- 

am element hour at 1 cm. distance, as 
published by Glasser and Mautz (12), in 
1929, and since then confirmed by many 
authors, is proved correct according to 
these newer studies. However, these same 
studies also show that the calculation of 
this same value from the Eve’s number 
which was recommended by various au- 
thors must be approached with great 
caution. 

SUMMARY 


In conclusion we interpret the data at 
hand at the present time as follows: 

1. The Fricke-Glasser limitation of the 
air equivalence of a thimble chamber to the 
wall material of the chamber to satisfy the 
definition of the roentgen is not entirely 
sufficient. 

2. In addition to the proper selection of 
the wall material, the wall thickness and 
the volume of the chamber must be con- 
sidered. 


We acknowledge with appreciation the 
assistance of Mr. I. E. Beasley and Mr. 
L. W. Fraser. 
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DISCUSSION OF SYMPOSIUM ON PHYSICS 


KENNETH E. CorriGAn, Ph.D. (Detroit, 
Mich.): The part of a discussor of a paper 
such as the very, very fine one we have 
just heard by Professor Lawrence [page 313 | 
isnot aneasy one. Afterall, Professor Law- 
rence is unquestionably the leader in this 
field and I really have nothing to discuss. 

The matter of ionization by these new 
particles is, of course, of the most extreme 
interest to us all from three points of view. 
First of all, we must learn to measure these 
new radiations accurately. Up to this 
time the most practical method of measur- 
ing these radiations in the laboratory has 
been to expose to the beam a small piece of 
metal and then take the piece of metal 
and run just as fast as you can to some re- 
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mote point where you have a Geiger coun- 
ter set up; upon measuring the radio- 
activity of the piece of metal, you try to fig- 
ure out what the activity of the deuteron 
beam was. 

We, of course, are all trying to make 
some experiments measuring these radia- 
tions with chambers, and in this Dr. Law- 
rence is far ahead of anyone else. 

The second thing of importance, as Dr. 
Lawrence has said, is the matter of pro- 
tection. All of us, even those who have 
had only a very, very weak source of neu- 
trons up to this time, have been thinking 
about that and wondering what the source 
was going to do to us. 

Last of all, after we have those two fun- 
damental problems solved, is the question 
of what we can do with them for the benefit 
of those requiring treatment. 

The experiments that Dr. Lawrence has 
carried out are certainly as complete as 
they can possibly be up to this time and he 
is to be greatly commended upon his wide 
choice of biologic materials in which these 
measurements were made. 

There is no point in my speaking further 
of ratios about which he has told you. No 
one else has anything at all to offer you 
on this subject. He is far ahead of the 
rest of the world. 


Dr. R. R. NEWELL (San Francisco): A 
year ago, in considering neutron rays, I 
expressed a skepticism as to whether they 
would prove useful for cancer therapy. 
Since that time, Professor Lawrence has 
developed and has now presented these 
evidences that when one uses the biologic 
effects of x-ray as a datum, there is a dif- 
ferential action between one biologic ob- 
ject and another. For neutron rays it can 
be hoped that this differential may, under 
some circumstances, be in favor of the 
cancer therapist. | 

Professor Lawrence proposes to go ahead 
now and prepare to try it out on patients 
who are suffering from cancer. I think 
we can only look with the greatest interest 
and with the utmost hope that he may 
find a differential in our favor. 
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ERNEST O. LAWRENCE, Ph.D. (closing): 
I am sorry I didn’t bring this matter out 
clearly. We use the mice, as a whole, so 
to speak, as a measure of skin dosage. 
Roentgenologists speak a good deal of the 
skin erythema dose but it is equally im- 
portant—and you will all agree—to con- 
sider the effect on the intestinal mucosa 
and other effects on the inside. 

Through several ports one can injure a 
person, certainly, by giving too much radia- 
tion on the interior. One is interested in 
the total tolerable amount of radiation in a 
part of the body where the tumor is the 
host and one wants to know the healthy 
tissue tolerance in relation to the effect on 
the tumor. To get a measure of the le- 
thal action or the effect of the neutron rays 
on the healthy tissue, we took the whole 
mouse. The whole mouse includes his 
most sensitive parts—the skin and all his 
insides and everything. 

We find that to kill a mouse, it takes 1 
over 3.8, 7.e., it takes about one-fourth 
the dose of neutrons that it takes of x-rays 
to kill the whole mouse, but only one-fifth 
the dose to kill the tumor. So there is a 
differential there of about five to four. 
In other words, when compared to x-rays, 
the experiments indicate a greater selec- 
tive action of neutrons on tumors in the 
ratio of about five to four. 


GEORGE C. LAURENCE, Ph.D. (Ottawa, 
Canada): It gives me considerable pleas- 
ure to open the discussion on Dr. Taylor’s 
paper [page 323], for I regard these in- 
vestigations as the first spade work in a 
very fertile field—a field of research that 
is of particular interest to radiological 
physicists because it will extend our knowl- 
edge of the relation between the bare physi- 
cal description of radiation and the effects 
that are produced by the radiation. 

We have established a unit of quantity, 
the roentgen, and of quality, the millimeter 
of copper, and in setting up our standards 
we have specifically named the substance 
air as an essential part of our standards. 
There has recently been some suggestion 
that it is not logical to use these units in 
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describing the radiation in materials other 
than air because it is air that is specifically 
mentioned in our definitions. 

Well, I don’t think we should take those 
objections too seriously. There is scarcely 
a unit in the whole of physical measure- 
ments that we are not called upon at some 
time or other to use under conditions which 
are very different from those which we use 
for standardization purposes, that we are 
not called upon to use under conditions in 
which direct use of the standard is practi- 
cally impossible. Atomic physics pro- 
vides many examples of just that. 

It is difficult, of course, to determine 
quality and quantity of radiation in other 
materials beside air, but it is not true that 
a description in these units is meaningless. 
Quantity and quality are properties of the 
radiation. They are altered, of course, 
in traversing material, but they are not 
properties of the material that they are 
penetrating. 

Quality and quantity of the radiation 
are not the only factors that determine 
We 


the effects produced in a material. 
must also consider how the beta rays and 


the ions they produce behave. For ex- 
ample, the density of the ionization pro- 
duced just below the surface of a particular 
material by a particular quantity and qual- 
ity of radiation is not equal to the density 
of ionization produced by the same quan- 
tity and quality of radiation somewhere in 
the bulk of that material. Near the sur- 
face the equilibrium in the exchange of 
beta rays between the materials on either 
side of it produces a different ionization 
from that in the bulk of the material. 

That is shown very clearly in Dr. 
Failla’s measurements with the ionization 
chamber having a covering of, I think it is, 
chiffon—a material very readily penetrated 
by the beta rays. Those measurements 
are, of course, measurements of ionization 
density; they are not explicitly the evalua- 
tion of the quantity in roentgens. 

Thus, measurements of the density and 
distribution, length of life and behavior of 
the ions, do not give us information that 
we need to use in calculating the quantity 
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and quality of the radiation in the particu- 
lar material. It is additional information 
which is useful to us in calculating or pre- 
dicting, and correlating the effects that 
are produced. 

The action of the ions in the biologic 
tissue would appear to be of a catalytic 
nature. I do not think we can consider 
it as directly injuring the cells mechanically 
or thermally, even accepting Wykoff’s hy- 
pothesis that there is a particular part of 
the cell that is extremely sensitive, because 
even there the energy available is far too 
small to produce direct mechanical injury. 
Rather, it would seem that the presence 
of the ions initiates and maintains bio- 
chemical reactions which continue until 
some other factor stops them. 

For this reason these experiments on 
the effect of the ions produced by the radia- 
tion are of great importance to enable the 
biochemist to proceed in investigating the 
processes in the tissue which lead ulti- 
mately to the death of the malignant cells. 


Dr. R. R. NEWELL (San Francisco): It 
seems to me that we are standing now 
nearly where we were a long time ago be- 
fore the Stockholm meeting of the Inter- 
national Congress. In those days we had 
a way to measure with a small ionization 
chamber something or other which we 
called by different names. And then we 
found the way to measure x-rays in an 
open beam in the air in absolute units, de- 
fine them in absolute units, and tie them 
in with all other physical measurements. 
And we felt that we had reached an ab- 
solute measurement of x-ray in the open 
beam. 

We are still in that fix in regard to tissue 
ionization measurement, that we can meas- 
ure something with a small ionization 
chamber and we can call it a roentgen, if 
we will, but it isn’t a roentgen. A roent- 
gen amounts to counting two billion 
pairs of ions in a cubic centimeter of at- 
mospheric air. When we measure 100 
roentgens in the beam and then put the 
beam on the patient, we measure with the 
same instrument, say 140—they are not 
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roentgens; they are something like a hun- 
dred times as many ion pairs per cubic 
centimeter in the patient. 

But more than that, we know they are 
not roentgens from a practical standpoint 
because, depending upon whether we use 
an instrument of one manufacture or an- 
other, we sometimes measure 130 and we 
sometimes measure 160. 

We now see for the first time a possi- 
bility of counting, of having Dr. Taylor 
count, the number of ion pairs produced 
in a cubic centimeter of our patient’s skin. 
Then we will have the kind of an absolute 
measure which we can be confident of all 
the time for the future; in other words, we 
have before us a possibility of standard- 
izing tissue dose in a unit which will not 
change. 


LAuRISTON S. Tay.Lor, Ph.D. (Washing- 
ton, D. C.): I would make only one re- 
mark concerning Dr. Newell’s discussion. 

It should not be inferred that, even if 
this type of ionization measurement is 
good for something, it will supplant at any 
time, the air ionization measurements 
which we are now accustomed to making. 
The likelihood of that is about zero. 

The value which I think Dr. Newell had 
in mind was its putting us in a position 
possibly to establish a relationship between 
the number of ions produced in a liquid 
and the measurements which we ordinarily 
carry out with an air ionization chamber. 

The sole value in the work, as I see it, 
is that it will permit us to put perhaps a 
little bit closer interpretation on the meas- 
urements which we are now making rou- 
tinely on patients or on experimental 
material. 


James L. WEATHERWAX, M.A. (Phila- 


delphia): I want to thank Mrs. Quimby 
and Dr. MacComb [page 305] for the 
paper they have given. I know they must 
have put in a great deal of time in carrying 
on their experiments and I know the high 
quality of work that has been done. 

I wish to speak on the discussion per- 
taining to the saturation technic. This 
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is the only part of the paper that I will 
consider since I have done no experimental] 
work in giving radiation fractionated as 
described. 

In 1925-1926, Dr. Pfahler published a 
paper on the saturation technic based upon 
some work that had been done by Dr. 
Kingery in 1921 with superficial radiation. 
At that time there was no organized 
methodof giving radiation. Most radiation 
was given in a more or less hit-or-miss 
fashion. The saturation technic appealed 
to us because it was a technic that could 
be passed on to other radiologists. 

At that time, we chose 800 roentgens 
(in air) as a saturation dose with a loss 
factor of 5 per cent per day. We gave a 
total of about 1,600 roentgens (in air) to 
each field, treating multiple fields at the 
same sitting. 

Yesterday you heard Dr. Ernst talking 
about being tumor-minded. We were at 
that time trying to treat the tumor rather 
than to treat the skin, so never gave a 
large initial dose to any one skin area, but 
instead, distributed the total radiation 
given a patient over all areas at the same 
sitting. Therefore, our method of apply- 
ing the saturation technic was a fraction- 
ated technic somewhat comparable to 
our present-day fractionated technics, ex- 
cept that the total number of roentgens 
given any one skin area was less than is 
given to-day. 

Unfortunately, Dr. Pfahler’s first paper 
stressed a rather large initial dose of radia- 
tion to any one skin area. We never 
applied the saturation technic in this 
manner and doubt very much whether 
Dr. Pfahler used a high initial dose. Other 
radiologists using the saturation technic 
gave small fractionated doses of radiation 
to multiple fields. Doses of 150 to 200 r 
(in air) were given every other day to 
multiple fields. In treatment of pelvic 
lesions, a patient would receive from 600 
to 800 r (in air) distributed over multiple 
fields. 

We found as we went along with the 
saturation technic, that we were not giving 
the quantity of radiation at the rate we’d 
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like to give it, figuring a 5 per cent loss. 
We changed our rate of loss to 10 per cent 
for 200 kv. radiation filtered by 0.5 mm. 
of copper plus 1 mm. of aluminum, and 
also changed our saturation dose from 800 
to 1,000 r (in air). 

At present, we give radiation to multiple 
fields of approximately 150 to 200 r to 
each field every other day when treating 
pelvic lesions, building our total saturation 
dose to 1,000 r in from a week to twelve 
days, and giving a total tumor or skin dose 
of 2,500 r within about four weeks’ time. 
The rate and the total quantity of radia- 
tion given any pelvic lesion will depend 
upon the physical condition of the patient. 

A constant fractionation of from 200 to 
300 r is given to oral lesions without stop- 
ping at any saturation dose. However, 
again, multiple fields are treated at the 
same sitting, giving a smaller number of 
roentgens to each area. 

We have compared the saturation tech- 
nic, as used to-day, with the method de- 
scribed by Dr. Coutard of treating carci- 
noma of the cervix, as given in his last 
paper. Dr. Coutard gave his dosages in 
roentgens, measured with back-scattering. 
Considering 30 per cent back-scattering 
as an approximation, we figured that the 
rate we gave our radiation was comparable 
in daily dose, time, and total dose to that 
given by Dr. Coutard. 


KENNETH E. CorRIGAN, Ph.D. (Detroit, 
Mich.): I would like to compliment Mrs. 
Quimby on a very fine piece of work and 
to say that I feel this is a definite step 
forward for all of us. [See page 305. ] 

Most of these saturation technics that 
we have been fooling with in the past were 
actually attempts to apply merely the 
equation of compound interest to a bio- 
logic system to which it actually had no 
application whatever, and although a 
physicist can be trusted to tell the color 
of the skin, I always try to avoid any 
question of erythema dose or any subject 
that would indicate that I am discussing 
a clinical question. 

However, so far as skin coloration in 


itself and alone is concerned, we have all 
seen applications of this saturation technic 
which never hatched out, and the use of a 
definite, carefully worked out biologic 
system rather than this rather amateur 
use of the law of compound interest at 
some arbitrary rate such as 5, 7, or 10 per 
cent, is in itself a great advancement. 

It is also worth while to note that Mrs. 
Quimby included some mention of the dif- 
ference in dosage rates. With high volt- 
age tubes we have already shown definitely 
that a very different result is obtained at 
53 r per minute than that obtained at 20 r 
per minute. I think nearly every one has 
found it desirable to drop down to a rea- 
sonably low r per minute output and to 
keep this output at high voltage the same 
as our rate at 200 kv., at least for the time 
being until we learn more about it. 


EpitH H. Quimsy, M.A. (closing): I 
wish to thank Dr. Weatherwax and Dr. 
Corrigan for their courtesy in discussing 
our paper. 

With regard to being tumor-minded, I 
am one of the persons who has talked 
loudest and longest on that subject. It 
is the tumor that we are treating, not the 
skin; and it is most important that all of 
us shall realize that on all occasions. The 
reason we pay attention to the skin is that 
it is the door through which we send our 
radiation and we must know how wide we 
can open the door. 

Some radiologists who are using higher 
voltages say that it isn’t the skin reaction 
any more but that of the underlying tis- 
sues which is the limiting factor in dosage. 
In that case it will be necessary to find 
some way of studying these tissues. 

For the present the skin is the thing 
which we can study by our method sim- 
ply although laboriously. Investigation of 
other tissues, so far as I see, can be done 
only by careful clinical records and ob- 
servations over long periods of time. No 
other biologic agent can be used, no other 
animal even can give us data which we 
may consider applicable to the human 
body. 
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Therefore, we are presenting this study, 
as I said in the beginning, as something 
which may be a contributing factor in 
helping us with our dosage technic. 


Otto GLassErR, Ph.D. (Cleveland, Ohio) : 
Dr. Stone and Dr. Aebersold [page 296] 
should be congratulated on their splendid 
co-operation on a most important problem. 

I have emphasized several times in the 
past the fact that when we went from 200 
kilovolts to higher voltages in radiation 
therapy, we changed practically all treat- 
ment factors—increased focal distance, in- 
creased filtration, increased voltage, and in 
addition, the introduction of the Coutard 
technic at about the same time. 

In most papers which have appeared on 
supervoltage therapy, the relative differ- 
ences between the old and new treatment 
technic have not been presented in such a 
logical and clear-cut manner as is the case 
in this discussion by Dr. Stone and Dr. 
Aebersold. The paper fills a definite need 
because it states logically the difference in 
the physical factors between the two treat- 
ment technics and it states them authori- 
tatively. 

I am quite sure that when comprehensive 
clinical results are published from Dr. 
Stones’s clinic, we can rely upon them to a 
greater extent than upon data which appear 
from supervoltage laboratories where no 
such careful comparison between the old 
and new technics under identical or similar 
conditions was carried out. 


JouN VICTOREEN (closing): In general, 
anything which may have been said re- 
garding the complex behavior of the thim- 
ble chambers says nothing against its prac- 
ticability, since, normally, a thimble cham- 
ber is calibrated to agree with a standard 
air chamber, and that calibration provides 
protection against possible unknown vari- 
ables. 

For instance, even though it can be shown 
that the ionization produced does not vary 
directly with the enclosed volume, this 
would be of no concern to the user, as it 
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would automatically be included in the 
original calibration. 


LAURISTON S. TAYLOR, Ph.D. (Washing- 
ton, D. C.): I am not at all sure that this 
Society and radiologists in general fully 
realize how much they owe to the efforts 
of Mr. Victoreen [page 341], in particular, 
for the very satisfactory state of dosage 
measurements in this country. 

As you all know, we have throughout 
the country a great many of these dosage 
measuring instruments and it should be a 
source of great satisfaction to have seen 
the photograph which he showed of their 
standardization plant. 

It is particularly important for a manu- 
facturer of any device to carry on research. 
It is very uncommon, I might add, for 
most manufacturers of instruments of this 
sort to carry on the type of research that 
has been reported this afternoon, and I 
think that we should congratulate Mr. 
Victoreen for the thoroughness with which 
he has gone about this task. 

We have discussed the matter at some 
length before this actual presentation and 
I might remark that he has many data 
which have not been presented but which 
represent tens of thousands of measure- 
ments over the past few months, and which 
undoubtedly will have a direct bearing on 
the future of ionization chambers. 

This work has been particularly timely. 
At the last International Congress we were 
very nearly compelled to accept as an in- 
ternational standard a thimble ionization 
chamber for all voltages in excess of 200 
kilovolts. We felt at the time, that while 
the work seemed to be in a fairly satis- 
factory state, there might be a little un- 
certainty and in that feeling we met a 
great deal of opposition. 

There is no question but that for the 
time being, at least, we shall have recourse 
only to the thimble ionization chamber 
for measuring gamma rays. We cannot 
see at the present moment any other type 
of chamber—at least with clinical meas- 
urements—whereby it will be possible to 
measure gamma rays in roentgens other 
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than by means of this thimble ionization 
chamber. 

These studies that have been carried 
out have, fortunately or unfortunately as 
you may look at it, shown up some errors 
in our ways of thinking about these cham- 
bers. It is certainly to be hoped that, if 
we finally do adopt a thimble ionization 
chamber for a primary standard for gamma 
rays, the result of this work will have a 
direct and immediate bearing so that we 
will not have at any time in the near 
future to change our standards. 

There is nothing more disconcerting to 
the radiologist than having to change 
standards every so often. 

The thing of particular interest to me 
was the curves which the speakers showed 
in which the effect of the wall thickness on 
the ionization current was indicated. Sev- 
eral authors have decided as a result of 
their work that there is a definite satura- 
tion thickness for ionization chambers 


which must be used for all voltages in 
excess of 200 kilovolts. 
I might remark that as long as there is 


such an arbitrary sort of a thickness neces- 
sary, it makes difficult the adoption of a 
single universal standard type of thimble 
ionization chamber. 

It seems quite apparent in this work 
that these measurements, while they may 
apply to gamma rays, will probably not 
be necessary for the lower voltage x-rays 
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up to, say, five or six hundred kilovolts. 
That is a bit speculative but the evidence 
indicates that. If we can get away from 
that important arbitrary factor, it should 
be a great step in advance in using the 
thimble ionization chamber for measuring 
the supervoltage radiations. 


The other point which I might mention 
is the use of Eve’s number for proving the 
efficacy of a thimble ionization chamber 
for radiation measurements. It seems to 
me that too much weight has been attached 
to Eve’s number in this connection, and 
Mr. Victoreen’s work has indicated that 
the experimental determination of Eve’s 
number depends to a large measure upon 
the particular configuration of the ioniza- 
tion chamber. 


As long as it does that, there is some- 
thing wrong with the measurements, and 
either we have to revise our thinking as 
to what Eve’s number means or we must 
discard the entire theory as a criterion for 
the correct performance of one of these 
thimble chambers. 


I did not mean by inference or direct 
statement to say that the thimble chamber 
was in the least discredited by these meas- 
urements. I feel very strongly quite the 
contrary; that the better we understand 
the process underlying the thimble cham- 
ber measurements, the more important the 
thimble chamber becomes. 
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IRRADIATED IN VIVO AND IN VITRO 
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From the Huntington Fund for Cancer Research, Memorial Hospital 


XPERIMENTAL studies of Murphy, 
Maisin, and Sturm (1), Russ and 
Scott (2, 3) and Mottram (4) have 
clearly demonstrated that the lethal dose 
of roentgen rays or gamma rays from ra- 
dium for tumors growing im animals is 
much smaller than the dose required to 
kill the same tumors in vitro. The results 
are confirmed and extended by our recent 
studies (5, 6, 7). 
Figure 1 shows the survival curves of 
Mouse Sarcoma 180 exposed im vivo' and 
in vitro? to 200 kv. roentgen rays, filtered 
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Fig. 1. Survival curves of Mouse Sarcoma 180 
exposed in vivo and in vitro to 200 kv. roentgen 
rays, filter 0.5 mm. Cu and 1.6 mm. Al. 


with 0.5 mm. Cu and 1.6 mm. Al, at a dis- 

tance of 50 cm. It shows that when 

Mouse Sarcoma 180 is irradiated in vitro 
1 This group involved 156 irradiated tumors. 


2 This study consisted of 21 groups of experiments, 
involving a total of 910 irradiated tumor implants. 


the dose of filtered roentgen rays necessary 
to kill all the fragments of tumor is be- 
tween 2,800 and 3,000 roentgens (meas- 
ured in air). When tumor implants grow- 
ing in animals are treated with similar 
radiation, the dose necessary to cause com- 
plete regression is about 1,800 roentgens. 
The nature of this reaction is complex, 
and little light has been thrown on its 
mechanism in the last ten years (8). 

The present study was undertaken to 
gain further information regarding the 
mechanism of the radiosensitivity of tu- 
mors. 


IRRADIATION OF TUMORS 1” vivo 


In a previous study (7) we found that 
when tumors, 0.3 to 1.5 cm. in diameter, 
were irradiated im vivo through a hole in a 
lead shield slightly larger than the cross- 
section of the tumor, no tumor regressed 
with a dose of less than 500 r, and very few 
with less than 750 r. With a dose of 1,000 
r, about 50 per cent of cases showed regres- 
sions. With a dose of 1,500 r, about 85 per 
cent of cases showed complete regression, 
but with a dose greater than 2,000 r, tumor 
regression occurred in 100 per cent of 
cases. These successfully treated tumors 
disappeared completely in about 24 days. 
However, we do not know the length of 
time which elapses from the first disturb- 
ance until the tumor cell dies. There are, 
however, a limited number of reports upon 
the latent effect of radiation in vivo. Thus 


‘Mottram (9) irradiated tumors (Mouse 


Sarcoma 180) in mice with 20 mg. of ra- 
dium element for 20 minutes. After vary- 
ing lengths of time the tumors were re- 
moved and fragments were implanted into 
normal animals. The results showed that 
if tumors are left for four or five days in the 
animal after irradiation, and then removed 
and transplanted into other animals, they 
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SARCOMA 180 AFTER EXPOSURE TO FILTERED 


ROENTGEN RAYS (200 Kv., 30 MA., 0.5 MM. CU + 1.6 MM. AL FILTER) 7” vivo 
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are less apt to grow than when they are 
irradiated and transplanted immediately. 
He attributes this difference to the effect 
of radiation on the blood supply. Kawak- 
ami (10) reported that if Kato rabbit sarco- 
mas are irradiated with x-rays (3 to 20 
S.E.D.) while in the hosts, and immediately 
extirpated and implanted in other non-irra- 
diated rabbits, they will grow progressively. 
But, if they are allowed to remain in the 


original hosts for 17 hours after irradiation 
with a dose as small as 5 S.E.D., many of 
them fail to grow. He believes that the 
difference is due to the disturbance of the 
irradiated connective tissues. As these 
observations have some bearing on the 
therapeutic uses of x-rays and radium, 
more experiments on much the same lines 
have been carried out. 

When tumor grafts (Mouse Sarcoma 
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180) had grown for about seven days in 
animals, they were irradiated with a dose 
of 2,830 r, 1,500 r, or 500 r in the same 
manner as that previously described.* The 
radiation was supplied by a standard 
water-cooled Coolidge roentgen tube under 
the following conditions: 200 kv., 30 ma., 
0.5 mm. Cu + 1.6 mm. Al filter, 50 cm. 
target-skin distance, and intensity of 59 
r/min. At the end of definite intervals of 
time the irradiated tumors were removed 
from the animals and tumor fragments 
were inoculated into normal animals in the 
usual way. At the same time pieces of 
treated tumor tissues were fixed in forma- 
lin for histologic examination. 

The results obtained from transplanting 
tumors irradiated in vivo are presented in 
Table I. In the second column of the 


table the sizes of the tumors at the time of 
irradiation are denoted by the measure- 
ments of length, width, and thickness. 
The time elapsing between the irradiation 
of tumors and the removal of the tumors 
from the hosts for re-implantation is ex- 
pressed in hours or days in the fourth 


column. Each set of experiments included 
as a control the inoculation of animals of 
about the same age with untreated tumor 
tissue. This control group of 20 sets in- 
volved 352 tumor implants. Eighteen of 
them gave 100 per cent tumor takes and 
the remaining two sets gave 95 and 90 per 
cent takes, respectively. These results 
however, are omitted in Table I. The 
data are arranged according to the increas- 
ing length of time between irradiation 
and the removal of the tumor from the 
original host with implantation into new 
animals. 

As may be seen from the data in Table I 
the results are not clear-cut. Natural re- 
sistance in the individual animals may well 
have some influence upon the radiosensi- 
tivity of the tumor. However, certain ob- 
servations may be made. If tumors are 
irradiated in vivo with a dose of 2,830 r and 
then removed and transplanted into other 
animals, they fail to grow whether the tu- 
mors are left in the original hosts for one 


3 The area irradiated is about 2.9 sq. cm. 
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hour or several days before re-implanta- 
tion. 

If tumor implants, grown for about seven 
days in animals, are treated with 1,500 r 
while in the host, and immediately re- 
moved and implanted in other non-irradi- 
ated mice, about 80 per cent will grow pro- 
gressively as is the case of tumor fragments 
irradiated in vitro with the same dose of 
roentgen rays. If they are allowed to re- 
main in the original hosts for 24 hours be- 
fore re-implantation, only 50 per cent takes 
will result, while complete inhibition of 
growth generally will occur in those left in 
the original animals six days or longer (11 
out of 14 experiments). 

If tumors are irradiated with a dose of 
500 r and left several days in the animal 
and then transplanted, they grow as well as 
when they are irradiated and immediately 
removed and transplanted. 

The irradiated tumors actually increased 
in size during the first week after irradia- 
tion. The enlargement of the tumor tissue 
may have been due merely to edema rather 
than actual cell proliferation. The swelling 
of tumors following irradiation has been 
abundantly described (Ewing, 8, Lacas- 
sagne and Monod, 11, Mottram, 12, Stew- 
art, 13, and others). 

Histologic examinations of a number of 
the irradiated tumor tissues show that the 
variation in the viability of tumor frag- 
ments at different intervals after irradia- 
tion (with a dose of 1,500 r) can be corre- 
lated with changes in their histologic ap- 
pearance. The general structure of the 
non-irradiated tissue shows a very cellular, 
small spindle and polyhedral cell sarcoma, 
degenerated and necrotic in some areas 
(Fig. 2-A). In some sections, leukocytes 
are seen at the periphery. The sections of 
irradiated tissues taken within two hours 
after irradiation show no definite changes, 
the tumor cells appearing to be viable. 
The sections taken 24 hours after irradia- 
tion reveal numerous swollen tumor cells 
and intercellular edema (Fig. 2-B). Tu- 
mors remaining three days in the hosts 
show markedly swollen tumor cells cover- 
ing almost the entire area of the section 
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(Fig. 2-C). At this point the cellular 
swelling is greatest (Fig. 3). The volume 
of these swollen cells is approximately 
twelve times that of the normal tumor 
cells! The cytoplasm appears granular, 


Fig. 2. Showing changes in histologic appearance in irradiated tumors. 
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of polymorphonuclear leukocytes and 
lymphocytes. The major part of each sec- 
tion taken from irradiated tumors remain- 
ing seven days in the hosts is composed 
of degenerating tumor cells in which the 


Photo- 


micrographs of sectioned material were made at the same magnification, 180 times. 
A is untreated Mouse Sarcoma 180; B, C, and D are Mouse Sarcoma 180 irradiated 
in vivo with a dose of 1,500 r and allowed to remain one, three, or seven days in the 


host, respectively. 


and some areas are finely vacuolated. At 
the periphery, many active tumor cells 
and mitotic figures are seen. Polymorpho- 
nuclear leukocytes and lymphocytes are 
present in much greater number than in 


non-irradiated tissues. Tumors remaining 
five days in the original irradiated animals 
show marked radiation changes, with 
swelling of tumor cells, decrease in the 
number of mitotic figures, and infiltration 


‘The relative volume of irradiated and non-irradi- 
ated tumor cells was computed by actual measurements 
of photomicrographs of sectioned material made at 
the same magnification (300 times). 


nuclei are absent or pycnotic. There is 
marked lymphocytic and polymorphonu- 
clear infiltration. No viable tumor cells 
can be seen in the sections (Fig. 2-D). 


TUMOR INOCULATION IN X-RAYED AREAS 


The foregoing results show that the sur- 
rounding normal tissues and the host as a 
whole must play an important part in the 
tumor reaction to radiation. 

Next we determined the rate of recovery 
of normal tissues after irradiation, 7.e., re- 
cuperation of tissues from the damage 
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caused by radiation as shown by their sus- 
ceptibility to tumor transplants. 

Small areas of the skin on the lateral 
thoracic region of healthy young adult 
mice were shaved. The mice were fastened 
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dose of 500 r grew equally as well as frag- 
ments inoculated in the non-irradiated 
controls, whether tumor implantation was 
done immediately or several days after 
This is in accord with the 


irradiation. 


Fig. 3. Showing the relative sizes of non-irradiated and irradiated tumor cells. 
Photomicrographs of sectioned material were made at the same magnification, 300 


times. 


A is untreated Mouse Sarcoma 180; B is Mouse Sarcoma 180 irradiated 


in vivo with a dose of 1,500 r and allowed to remain three days in the host. 


side by side, two at a time, on a stiff paste- 
board. A lead-celluloid shield, having a 
hole 2 X 2.9 cm. in the center, was then 
placed over these animals with their ven- 
tral skin touching the celluloid. In this 
way all parts of the animal except a small 
area were protected from radiation. Then 
the pasteboard holding the animals was 
placed directly under the roentgen tube 
with a target-skin distance of 50 cm., and 
subjected to radiation under the conditions 
previously described, intensity being 59 r 
per minute. Exposures were 8.5, 25.4, and 
48 minutes. 

Some animals were inoculated in the cen- 
ter of the irradiated area with a fresh tu- 
mor fragment (Mouse Sarcoma 180) imme- 
diately after irradiation. Others were simi- 
larly treated from one to 22 days after ir- 
radiation. As a control, another series of 
animals was treated in the same manner 
except that no x-rays were given. The re- 
sults of the individual experiments are 
shown in Table IT. 

From the data in Table II, it will be 
seen that the tumor fragments inoculated 
in the areas irradiated previously with a 


findings of Murphy, Hussey, Nakahara, 
and Sturm (14, 15) who, working with 
Bashford Mouse Carcinoma 63, found that 
subcutaneous inoculations of the grafts in 
the x-rayed areas (one erythema dose) re- 
sulted in the same number of growths as 
in the normal areas. However, if the in- 
oculations were done intracutaneously, 
the grafts in the x-rayed areas showed a low 
percentage of takes. 

The use of different transplantable tu- 
mors combined with various qualities of 
radiation, intensity of radiation and the 
size of irradiated area has led to varying 
results and, therefore, much controversy. 
On implantation of tumor fragments (Ehr- 
lich mouse carcinoma) into an irradiated 
area Kok and Vorlaender (16), and Kok 
(17) obtained best retrogressive changes 
with a dose of about 1.5 S.E.D. Large 
doses (2.9 S.E.D.) gave poorer results. 
They also found that irradiation of a large 
field around the tumor gave fewer takes 
than did irradiation of a small area. They 
interpret the resorption of the tumor tissue 
to the action of the histiocytes. On the 
other hand, Juul (18) obtained most re- 
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TABLE II.—RESULTS OF TRANSPLANTING MOUSE SARCOMA 180 INTO PREVIOUSLY 
IRRADIATED AREAS ON THE ANIMAL 
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gressions from doses close to twice the 
epilation dose, which caused serious injury 
to normal tissues surrounding the tumor. 
He worked with Krebs’ mouse adenocar- 
cinoma and mouse sarcoma. Russ and 
Scott (19) found that the transplants (Jen- 
sen rat sarcoma and hemorrhagic carci- 
noma R 9) grew more slowly in an area 
which had been previously irradiated with 
x-rays or radium than in a non-irradiated 
area. Their roentgen-ray exposures were 
from 20 to 45 minutes. It took 20 minutes 
to produce epilation, and 45 minutes to 
start vesication. In these experiments rats 
were completely screened with lead except 
for two apertures cut in the lead, through 
which the x-rays could reach the skin of the 
animals. Krebs (20) carried out experi- 
ments similar to that of Murphy and his 
co-workers (14), but using somewhat 
stronger-doses (5 to6S.N.). He found that 
roentgen irradiation of the skin has demon- 
strable inhibitory effect on the growth of a 
mouse carcinoma subsequently implanted in 
the irradiated intracutaneous or subcutan- 
eous tissues, though the effect was always 
pronounced inthe cutis. Inthe case of im- 
plantation of a mouse sarcoma in the ir- 
radiated area (subcutaneous tissue), there 
was a distinct retardation in tumor growth, 
but no reduction in percentage of tumor 
takes. 

In our experiments using 1,500 r, there 
is a decided difference in the number of 
growths from tumor fragments inoculated 
subcutaneously in the areas irradiated, be- 
tween those inoculated immediately and 
those inoculated several days after irradia- 
tion. About 50 per cent of tumor implants 
will fail to grow if the implantation is done 
within two hours after irradiation, and 
those which do not disappear in the irradi- 
ated area will grow at a much slower rate 
than the controls. If untreated tumor 
fragments are implanted in the irradiated 
areas seven days after irradiation, the 
number of tumor takes and the rate of 
tumor growth is almost normal. Evidently 
some changes which oppose tumor growth 
take place in normal tissues irradiated with 
this dose. Whatever these changes are, 
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they gradually tend to disappear and are 
practically gone in seven days. 

Experiments duplicating those with a 
dose of 1,500 r were made with a dose of 
2,830 r. The results of the experiments 
showed that the tumor growth was less 
marked in the irradiated than in non- 
irradiated areas, but this dose induced in- 
jury to the general health of the hosts, 
which made the process of tissue repair 
more complex. 


EFFECT OF ISOTONIC, HYPOTONIC, AND Hy- 

PERTONIC LOCKE-RINGER SOLUTIONS ON 

VIABILITY OF MOUSE SARCOMA 180 FOLLOW- 
ING EXPOSURE TO X-RAYS 


The results of the foregoing experiments 
show that the marked decrease in the trans- 
plantability of tumors upon remaining in 
the original irradiated animals parallels 
closely the increase in the swelling of tu- 
mor cells. The death of tumor cells may 
be due to this swelling. In the present 
study experimental evidence has indicated 
that the swelling of tumor cells is not a 
postmortem change. 

In a recent meeting of the American As- 
sociation for the Advancement of Science,° 
Failla outlined a new theory regarding the 
biologic effect of radiation. He suggested 
that upon bombardment of tumor cells by 
x-rays the cytoplasm may be affected in 
such a way as to cause an increase in the 
number of electrolytic ions in the cells. 
Such a change would disturb the osmotic 
equilibrium of the cells and result in swell- 
ing. He suggested that the lethal effect of 
the rays was possibly due to an initial swell- 
ing and consequent dilation of the cyto- 
plasm which interferes with the normal 
physiologic processes. 

In order to secure further information 
concerning the swelling and killing of tumor 
cells, we made the following experiments. 

Fragments of fresh Mouse Sarcoma 180 
in a cellophane moist chamber were irra- 
diated with a dose of 1,500 r. Immediately 
afterward equal numbers of tumor frag- 
ments were placed in 2.0 c.c. portions of 
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isotonic, hypotonic, and hypertonic Locke- 
Ringer solutions.* These media had been 
buffered to pH 7.4 by adding 0.08 c.c. of 
0.2 M KH.PO, and 0.05 cc. of 0.2 M 
KOH (21). The weighing bottles contain- 
ing the tumor fragments were kept in a re- 
frigerator at 4-5 ° C. for 24 hours, and then 
the fragments were inoculated into normal 
mice. Our observations are recorded in 
Table III. In this table are also included 
results obtained from inoculation of irra- 
diated tumor tissues without immersion in 
a Locke-Ringer solution, and from inocu- 
lation of non-irradiated tumor tissues 
after immersion in isotonic, hypotonic, and 
hypertonic Locke-Ringer solutions. These 
will serve as controls. 

The results show that the growth ca- 
pacity of irradiated tumor fragments is re- 
duced from 82 to 64 or 75 per cent takes 
when subjected to an isotonic or hypo- 
tonic medium for 24 hours, respectively. 
However, the tumor fragments which 
have been irradiated and then immersed in 
hypertonic Locke-Ringer solution for 24 
hours give 100 per cent takes when trans- 
planted into normal animals. 

Parallel experiments were run with non- 
irradiated tumor fragments. The results 
showed that immersion of tumor fragments 
in isotonic, hypotonic, or hypertonic Locke- 
Ringer solution for 24 hours was without 
effect: the tumors grew rapidly. 

Gross and histologic examination of a 
number of tumor tissues after immersion in 
isotonic, hypotonic, and hypertonic Locke- 
Ringer solutions for 24 hours at 4-5° C. 
following irradiation showed no essential 
difference. 

In a separate experiment, it was found 
that 15 pieces of irradiated tumor tissue 
(1,500 r) before immersion in isotonic, hypo- 
tonic, or hypertonic Locke-Ringer solution 
(pH 7.4) weighed 0.1660 gm., 0.1697 gm., 
and (0.1482 gm., respectively, and after 
immersion for 24 hours at 4-5° C. they 


* An isotonic solution contained 0.15 moles NaCl, 
0.003 moles KCl and 0.003 moles CaCl per liter. 
Ahypotonic solution contained 0.12 moles NaCl, 0.003 
moles KCI and 0.003 moles CaCl per liter. A hyper- 
tonic solution contained 0.18 moles NaCl, 0.003 moles 
KCl and 0.003 moles CaCl, per liter. 
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weighed 0.1808 gm. (109 per cent), 0.1873 
gm. (110 per cent), and 0.1596 gm. (108 
per cent), respectively. In a _ simulta- 
neous experiment, 15 non-irradiated tumor 
fragments before immersion in isotonic, 
hypotonic, or hypertonic Locke-Ringer solu- 
tion weighed 0.1464 gm., 0.1712 gm., and 
0.1635 gm., respectively, and after immer- 
sion they weighed 0.1505 gm. (103 per 
cent), 0.1815 gm. (106 per cent), and 0.1625 
gm. (99 per cent), respectively. The 
swelling was greater in irradiated tissue 
than in non-irradiated tissue. 

This work is being continued and ex- 
tended to include a study of the effects of 
different intensities of radiation upon the 
swelling of tumor tissues. 


SUMMARY 


1. The effect of 200 kv. roentgen rays 
on Mouse Sarcoma 180 in animals has been 
studied. Tumors, 0.5 to 1.2 cm. in diame- 
ter, were irradiated im vivo through a hole 
in a lead shield slightly larger than the 
cross-section of the tumor. 

2. It requires about 60 per cent more 
roentgen irradiation to kill Mouse Sarcoma 
180 in vitro than in vivo. 

3. If this tumor is irradiated in vivo 
with a dose of 1,500 roentgens (measured 
in air), and subsequently removed and 
fragments implanted into non-irradiated 
mice, the percentage of takes decreases 
with the time the tumor remains in the 
original host after exposure. 

4. Variations in the viability of tumor 
fragments at different intervals after irra- 
diation can be correlated with changes in 
their histologic appearance. 

5. If small portions of the bodies of mice 
are irradiated with a dose of 1,500 r and at 
the end of definite intervals of time un- 
treated tumor fragments are inoculated 
into the irradiated areas, a high percentage 
of tumor transplants will fail to grow if the 
implantation is done within two hours after 
irradiation. If untreated tumor fragments 
are implanted in the irradiated areas seven 
days after irradiation, the number of tu- 
mor takes and the rate of tumor growth is 
almost normal. 
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TABLE III.—RESULTS OF TRANSPLANTING MOUSE SARCOMA 180 AFTER IMMERSION IN LOCKE- 
RINGER SOLUTION AT 4—5° C. FOLLOWING EXPOSURE TO FILTERED IROENTGEN RAYS 





Number 
of 
Tumor 
Trans- 
plants 
Used 


Dose 
in 
Roent- 
gens 


Nature of 
Locke- 
Ringer 

Solution 


Dura- 
tion 
of 
Expo- 
sure 
(hours) 


Growth 
of 
Trans- 
plants 
(per- 
centage) 





10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
18 
10 
10 
10 
12 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 








0 

0 

0 

0 

0 

0 

1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 





Isotonic 

Isotonic 

Hypotonic 

Hypotonic 

Hypertonic 

Hypertonic 
0 


0 

0 
Isotonic 
Isotonic 
Isotonic 
Isotonic 

0 
Isotonic 
Hypotonic 
Hypertonic 

0 
Isotonic 
Hypotonic 
Hypertonic 

0 
Isotonic 
Hypotonic 
Hypertonic 

0 
Isotonic 
Hypotonic 


Hypertonic 





100 
100 
100 
100 
100 
100 
80 
80 
80 


80 
100 
80 
70 
80 
100 
90 
60 
60 
100 











Rapid growth | 
Rapid growth! 
Rapid growth 
Rapid growth 


| Rapid growth 
| Rapid growth 


Two tumors cid not grow; four grew 
slowly; others grew rapidly 

Two tumors cid not grow; two grew 
slowly; others grew rapidly 

Two tumors did not grow; six grew 
slowly; others grew rapidly 

Four tumors did not grow; four grew 
slowly; others grew rapidly 

Four tumors did not grow; four grew 
slowly; others grew rapidly 

Five tumors did not grow; three grew 
slowly; others grew rapidiy 

Five tumors did not grow; two grew 
slowly; others grew rapidly 

Three tumors did not grow; eight grew 
slowly; others grew rapidly 

Five tumors did not grow; two grew 

slowly; others grew rapidly 

Two tumors did not grow; five grew 
slowly; othets grew rapidly 

Seven tumors grew slowly; others grew 
rapidly 

Two tumors did not grow; three grew 
slowly; others grew rapidly 

Two tumors did not grow; four grew 
slowly; others grew rapidly 

Two tumors did not grow; five grew 
slowly; others grew rapidly 

Five tumors grew slowly; others grew 
rapidly 

Two tumors did not grow; one grew 
slowly; others grew rapidly 

Three tumors did not grow; four grew 
slowly; others grew rapidly 

Two tumors did not grow; 
slowly; others grew rapidly 

Four tumors grew slowly; others grew 
rapidly 

One tumor did not grow; three grew 
slowly; others grew rapidly 

Four tumors did not grow; others grew 
slowly 

Four tumors Gdid not grow; 
slowly; others grew rapidly 

Four tumors grew slowly; others grew 
rapidly 


six grew 


two grew 








6. The effect of immersion in isotonic, 
hypotonic, and hypertonic Locke-Ringer 
solutions on irradiated and non-irradiated 
tumor tissues has been investigated: non- 
irradiated tumor tissue showed no effect 
from any of these solutions, while the 
growth capacity of irradiated tumor tissue 


was reduced by immersion in isotonic and 
hypotonic solutions, but was increased by 
immersion in the hypeftonic solution. 
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RADIATION THERAPY IN EXCESSIVE UTERINE BLEEDING FROM CAUSES 
OTHER THAN CANCER 


REPORT ON 327 CASES 


By ROBERT H. LAFFERTY, M.D., and C. C. PHILLIPS, M.D., Charlotte, N. ¢. 


ing and practising irradiation in the 

treatment and management of menor- 
rhagia; and the study of the literature and 
our cases over a period of seventeen years 
has brought us to the conclusion that 
radiation is the method of choice in the 
treatment of these cases. 

To this method, as to all others, there 
are certain contra-indications, such as very 
large rapidly growing fibroids, those caus- 
ing pressure symptoms demanding quick 
relief, pedunculated tumors, uterine polypi, 
tumors which can be removed leaving the 
uterus intact, tumors which have under- 
gone cystic degeneration, ovarian cysts, 
extreme mental depression, and cases in 
which partial hysterectomy has been done 
and bleeding continues from residue of 
uterus. Also, we believe that no woman 
in the child-bearing period and having no 
tumor should be subjected to radiation 
until all other methods of treatment short 
of hysterectomy have failed to effect cure. 

The idea is rather prevalent in the medi- 
cal profession, and it has permeated the 
laity to some extent, that radiation de- 
stroys the woman’s sexual desire and en- 
joyment. As to this, we have interviewed 
and followed through the cases of 58 of the 
patients in this series. We find that in 
40 of these there was no change in sex life; 
in nine, desire and capacity were reduced 
for a time, but normal sex power returned; 
in seven, two of whom were frigid before 
treatment, there was increase ranging 
from a moderate to a marked degree; one, 
aged 50 when treated has remained sexu- 
ally insensitive for ten years, and one has 
remained much below normal in this sense 
for ten years, although she has sex powers 
to a limited extent. These findings con- 
vince us that, following radiation, there is 
more apt to be increase than decrease in 


Ein many years we have been study- 


sexual desire and enjoyment. We are 
convinced also that any change in this re- 
spect is entirely psychic. We find that 
recovery from lowered or lost sexual ap- 
petite promptly follows positive assurance 
and conviction that recovery will occur. 

The greatest care should be given to the 
selection of these cases, so that those hav- 
ing positive contra-indications may not 
be subjected to treatment. 

We find that a very large percentage of 
these patients have been treated for a long 
time by various methods without satis- 
factory results, and on account of this 
they are very apprehensive and doubtful 
about any treatment curing them; con- 
sequently, it is of great importance that 
sufficient time and effort be taken to fully 
discuss with the patient all phases of the 
treatment and just what is to be expected 
from it. Our experience has taught us to 
expect one, and sometimes two, menstrual 
periods during the time which is required 
to establish permanent menopause and 
the flow is usually profuse at the first 
period. Some have , radiation sickness, 
while almost all of them experience some 
discomfort from the usual menopausal 
symptoms. The patient should be told 
of all this and assured that none of the 
conditions is in any way serious. Since 
there is a small chance of temporary loss of 
sexual interests this should be discussed 
with the patient and she should be assured 
that in case this occurs it will be temporary 
only. 

Those experiencing ‘considerable annoy- 
ance from the menopausal symptoms we 
find can be relieved by the intramuscular 
use of estrogen. We generally give one 
cubic centimeter every other day for six 
doses. In a few cases this must be re- 
peated every few months until the patient 
becomes stabilized. 
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The same end-results may be obtained 
by the use of the x-rays as by radium, or 
by the two combined. In most instances 
we prefer to use the x-rays because for 
their use the patient does not require hos- 
pitalization and is not subjected to any 
surgical procedure. The total to be given 
can more conveniently be divided into 
several doses, allowing more time and a 
better chance to gain the confidence of 
the patient, which is a matter of great im- 
portance in the future management of the 
cases. There is no danger of latent in- 
fection in the pelvis flaring up when the x- 
rays are used, while with radium this some- 
times proves serious. Often after the use 
of radium there is an irritating discharge 
which causes considerable discomfort for 
two or three months. 

In cases in which we consider it necessary 
to check the bleeding quickly we use ra- 
dium; also in cases on which we do diagnos- 
tic curettement because we suspect cancer 
of the fundus. 

We find that in some cases in which x- 
rays are used it is best to supplement with 
radium, and vice versa. 

We have started treatment to produce 
permanent menopause in the cases of 41 
women who discontinued treatment after 
having from one to three irradiations. 
Some of these had good results for a time 
but they were not lasting. A few of these 
are now well, but we expect recurrence, so 
they will not be included in a report of re- 
sults obtained. 

We have attempted to produce cure by 
bringing about temporary menopause in 
20 patients, six of whom have re-estab- 
lished normal menstrual function. Four 
of our patients have had children and one 
an abortion subsequent to this treatment. 

Of the patients in whom we attempted 
to produce permanent menopause we have 
fully traced 327, who were treated until 
cured or until other treatment was recom- 
mended by us. From this number we re- 
port our results: 


Total number traced 327 
Cured 313 (95.7 per cent) 


In eight of the 14 uncured cases there 
was contra-indication to treatment, which 
leaves 319 cases treated in which there 
were no contra-indications. Of these, 313 
were cured while six did not get satisfactory 
results—98.1 per cent cured. 

In 16 of these cases it was necessary to 
give a second series of treatment. In this 
number are included eight cases in which 
temporary menopause was not effective. 

Of the eight who had contra-indications 
to treatment, five were incorrectly diag- 
nosed—two had carcinoma of the fundus; 
one had had diagnostic curettement a 
month before coming to us for treatment 
and no cancer was found; the other did 
not show satisfactory response and the 
uterus was curetted and treated with ra- 
dium. Both had hysterectomy and are 
living and well after eight and ten years, 
respectively. One had varicosities in the 
uterus and required hysterectomy. One 
had polypi, and one ovarian cyst, 
both requiring surgery. In both of these 
cases the menopause was permanent and 
probably should not have been produced. 
Three had, prior to treatment, subtotal 
hysterectomy, a part of the uterus being 
left. Two of these had hysterectomy 
completed, and the other should have had. 
We have treated five of these cases, two 
of which we have been unable to follow up. 
We believe that these cases should not 
have been treated by radiation, although 
all secured temporary relief. In the other 
six cases we were unable to determine the 
reason for failure. 

We have had one patient on whom hys- 
terectomy was done following the satis- 
factory production of the menopause, be- 
cause of a remaining small fibroid. 

The menopausal symptoms were mild 
in 67 per cent, of moderate degree in 30 per 
cent, while of severe degree in 3 per cent 
of the cases. 

Of the patients, 74 per cent were married 
when treated or had been married, while 
26 per cent were unmarried. Of the 
married, 77 per cent had borne from one to 
eighteen children each. 

Fibroid tumor was found in 14 per 
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cent. The presence of tumor does not 
influence the results because, after meno- 
pause is established, the tumor atrophies 
to such extent as to cause no discomfort 
or inconvenience. 

The average time required to establish 
the menopause was six weeks, and the 
average number of x-ray irradiations in a 
series was four and a half. 

The symptoms for which treatment was 
given had lasted from a few months to 
twenty years. 

The range in age was from 13 to 55 
years. The patient who was only 13 
years old had bled excessively at her men- 
strual periods for more than a year. 
Three curettements had been done and 
various other treatments, all without suc- 
cess. Two efforts were made to bring 
about relief by producing temporary meno- 
pause. Permanent menopause was pro- 
duced after this had failed. She is now 25 
years old, is perfectly developed and is in 
good health. She had one normal men- 
strual period a little more than a year ago— 


the only one since treatment was given. 
The one 55 years old has had twelve chil- 


dren and one abortion. Her menses were 
always normal until she was 50 years of 
age, when the bleeding became excessive 
at regular four-week intervals. This lasted 
for three years, then no menses for a 
year. At the time she was treated she 
had again bled profusely at regular four- 
week intervals for ten months. She has 
now been entirely well for four years. 

The general health is almost invariably 
improved following treatment. In no case 
has cancer developed. This may have 
some significance, since of this number of 
women in the general population, we might 
well have expected some to have developed 
cancer in the pelvis or breast by this time; 
also because of the established fact that 
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the production of the menopause retards 
the growthof some breast cancers, especially 
those which have metastasized to bone. 


TECHNIC 


In those cases treated with x-ray, we 
used from 1,200 to 1,800 r, the average 
amount of treatment being 1,500 r. This 
variation depends upon the age of the 
patient and also the thickness of the parts. 
This treatment is divided into doses of 300 
r given once each week, alternating one 
anterior and one posterior field. 

We have used in these cases voltage from 
120 kv. up to 220 kv. and filter from 4 mm. 
of aluminum up to 2 mm. of copper. At 
the present time we use 220 kv., 20 ma., 1 
mm. copper filter, 50 cm. distance. 

In those cases which were treated with 
radium, we used from 800 to 1,200 mg.-hr., 
the average amount being 1,000 mg.-hr. 
We use radium with 1 mm. platinum and 
1 mm. rubber filter. 


CONCLUSIONS 


From a survey of the literature on this 
subject and from the management and 
study of this series of cases we reach the 
following conclusions. 

(1) That 98 per cent of these patients 
who have no contra-indications to this 
method of treatment can be cured by ra- 
diation. 

(2) That this is the most satisfactory 
method available of handling these cases. 

(3) That women should not be allowed 
to suffer discomfort and worse for months 
or years while establishing the menopause, 
when by this method of treatment it can 
be established in from three to six weeks. 

(4) That there is no permanent bad ef- 
fect on the sex life resulting from the treat- 
ment. 

(5) That the treatment may help to pre- 
vent cancer. 








SOME LAWSUITS | HAVE MET AND SOME OF THE LESSONS 
TO BE LEARNED FROM THEM! 


(Second Series, Third Installment) 


By I. S. TROSTLER, M.D., F.A.C.R., F.A.C.P., Chicago 


ABUSE OF WITNESSES DURING 
CROSS-EXAMINATION 


ECENTLY, a colleague whom I 
i have known for about thirty years, 

wrote me as follows: “I have just 
passed through a most harrowing and tor- 
menting experience and turn to you for ad- 
vice and solace. 

“T was called into court this morning to 
testify as an expert witness by the attorney 
fora man whom I had attended in consul- 
tation with his attending physician, follow- 
ing an automobile accident. Our patient 
was suing for damages resulting from the 
accident in which he was injured. 


“After answering the questions put to 
me by the patient’s attorney, I was cross- 
examined by the bull dog who represents 
the insurance company, the defendants in 
the case. I call him a ‘bull dog’ because 
he resembles one more than anything I 
can think of. He did not ask me much of 
anything of importance about what I had 
testified, but began to attack my character, 
my knowledge of medicine and surgery, 
my reputation, and in fact almost every- 
thing about me except the legitimacy of 
my birth. When he had finished I was a 
nervous wreck. 


“I have appeared as an expert witness 
only a few times and had come to be of the 
opinion that I liked the réle; but if one 
must expect to be subjected to that sort of 
treatment, I am about ready to call off all 
future appearances in that capacity and 
hold up my hand and swear, ‘Never again.’ 

‘Let me have some of your sage advice re- 
garding this at your convenience or save it 


1 The Editor desires to state that much of the matter 
herein, because quotations of court proceedings, has 
to be printed in form as received, without normal 
punctuation or phrasing. 


until we meet at Atlantic City, if you pre- 
fer.”’ 

I replied (in part): “ 
expect sympathy and condolence from me 
relative to the abuse you received as told 
in your recent letter, you are in for a big 
disappointment because I believe that the 
expert witness who permits his feelings to 
become ruffled by the apparent impudence 
and insults of a cross-examiner is not de- 
serving of sympathy and should never 
pose as an expert witness at all. 

“T will say, however, that the attorney 
who called you to testify should have come 
to your rescue if the cross-examination 
and the attacks made upon you were un- 
usual and beyond reason and as bad as 
you seem to think they were. That was 
his bounden duty and he was either satis- 
fied with the way you were handling the 
situation or remiss in not protecting you. 

“Of course you could have appealed to 
the judge at any time, if you had felt so 
inclined. But that, in my opinion, would 
have appeared as an acknowledgment that 
you ‘could not take it’ and might have 
acted as an incentive and further stimulant 
to your ‘bull dog’ to continue his irritation 
and pestering. 

“As I look at it, any physician who un- 
dertakes to appear as an expert witness 
should know that it is and will be the part 
of many of the opposing attorneys to use 
every possible means to make him out a 
liar, a knave, or a fool, or a combination of 
all these, during cross-examination. 

“Tf the cross-examiner raises his voice or 
makes gestures which are apparently in- 
tended to intimidate or threaten, or in any 
way or manner by innuendo or other 
means to disconcert me—when I am on 
the witness stand—I have found that a 
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quiet smile will go farther and do more to- 
ward suppressing and disarming such con- 
duct than anything. I know that the 
cross-examiner who begins using such 
tactics is trying to disturb me and if he 
finds he can do that he will continue and 
probably increase the severity of his man- 
ner. For that reason I smile at him, 
partly because I have seen through his 
ruse, and partly because I know that by 
my smile I disarm him as surely as if I 
had tied his hands and then told him to 
strike me. Menacing gestures are easily 
left unseen or at least apparently unseen 
because they never mean anything any- 
way. Sometimes, when lawyers have per- 
sisted in the use of threatening or menacing 
gestures, I have deliberately turned my 
head so as not to see them, and once or 
twice I have calmly closed my eyes. Once 


after I had so closed my eyes, the lawyer 
demanded that I look at him, but my re- 
ply that he was so repulsive to look at 
that I preferred not to look at him so dis- 
concerted him that it appeared as though 


I had turned the tables on him. This at- 
torney immediately returned to his men- 
acing tactics and the attorney who had 
called me asked the judge to restrain the 
cross-examiner’s action. At that point I 
remarked, ‘Let him continue, your Honor, 
he does not bother me enough for that.’ 
I was not further molested. 

“So taking all into consideration, you 
must expect to be abused in that way more 
often than you like, when you appear as an 
expert witness. School yourself to stand 
the jibes of the attorneys and learn to de- 
velop a thick hide. I have prided myself 
with having a hide as thick as a rhinoceros 
while on the witness stand, but I am con- 
stantly on the alert and watching for a 
good opportunity to jab back at the fellow 
who is trying to take advantage of me. 
Of course I do’ not advise being a ‘smart 
Aleck’ and trying to show how snappy we 
can become, but there are times when a 
carefully worded answer will cut as deeply 
in the other fellow’s hide as he is trying to 
cut into ours. One of the points that 
many of our medical expert witnesses ap- 
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pear to be afraid to answer is a question as 
to whether they expect to be paid for ap- 
pearing, and the attorneys frequently try 
to belittle our testimony—or rather its 
effect—by giving out the innuendo that 
our testimony has been bought for just so 
many dollars. Ina recent trial in Western 
Missouri where I was a witness, I was 
asked if I expected to be paid. I replied, 
‘Why certainly I expect to be paid, just 
the same as you expect to be paid for 
coming to this trial from K—C—.’ The 
attorney immediately asked that the last 
portion of my answer be stricken from 
the record, and it was so ‘stricken,’ but the 
jury had my answer, and I could see that I 
had their sympathy. A similar question 
asked me in a suit in this city recently was 
answered ‘Yes.’ Whenasked ‘How much” 
I replied, ‘That depends upon how long I 
am kept from my office.’ 

“Right here in connection with abusive 
conduct by attorneys, I am sure that if we 
hold our heads up and do not become ex- 
cited or show irritation but maintain our 
composure under these trying conditions, 
we elicit and draw out the sympathies of 
the jury and by such demeanor and be- 
havior do the cause for which we appear 
much more good than if the nasty behavior 
had not been brought into play atall. You 
know that all men and most women sym- 
pathize with the ‘under dog,’ and in such 
circumstances, where the attorney is ap- 
plying some of his ‘forensics,’ the witness 
who is being abused is ‘the under dog.’ 
From my own observations, nearly every 
time that attorneys pursue such tactics, 
the other side gets the verdict, so I am in- 
clined to welcome an attack by the ‘bull 
dogs’ of the legal profession as you so aptly 
called your man. 

“TI wonder if you have read my paper 
upon ‘The Medical Expert Witness,’ in the 
October, 1931, number of raproLocy. I 
am enclosing a reprint herewith. 

“Trusting that you have cooled down 
by this time and that you are not sore at 
me for failing to sympathize with you, and 
for reading this long ‘curtain lecture,’ I 
am,” etc. 
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Respondeat Superior DID NOT APPLY AND 
AS PATIENT INSISTED UPON INCREASED 
DOSAGE HE SPOILED HIS CASE 


In a city near Chicago a man 40 
years of age had a generalized psoriasis. 
In addition, he had an area of ringworm on 
one leg. After having been attended for 
his psoriasis by a dozen or more physicians 
he placed his case—especially the ringworm 
—in the care of a group of physicians who 
referred him to a roentgenologist in their 
employ. This latter man has had rather a 
large experience and knows roentgen ther- 
apy pretty well. 

The ringworm cleared up promptly 
under the x-rays, and the psoriatic patches 
in that region subsided so markedly that 
the patient insisted upon having x-ray 
treatment for his psoriasis. This latter 
condition not progressing as rapidly as 
the patient thought it should, he insisted 
upon being given larger doses. The roent- 
genologist, evidently working on the 
well-known commercial aphorism that 
“the customer is always right,’’ adminis- 
tered larger doses, increasing this dosage 
twice at the behest and insistence of the pa- 
tient. 

Naturally, a point was finally reached 
at which the tissues could not tolerate the 
amount of radiation being applied and a 
flare-up announced the advent of several 
second degree and a few third degree der- 
matitic areas. 

Then came a malpractice suit, claiming 
$50,000 damages. The suit was fought 
upon its merits and even though it was 
recognized that the defendants’ employee 
—the roentgenologist—had exceeded the 
usual and customary dosage, it was brought 
out clearly and unqualifiedly that the 
plaintiff had insisted upon the increases 
of the dosage several times. In cases in 
which physicians are employed to practise 
medicine, the employer may not be held 
for their errors of commission or omission, 
provided they—the employers—have ex- 
ercised due care in the selection of duly 
qualified, licensed physicians. 

At the trial of this case, the jury was 
instructed by the trial judge to bring in a 


verdict for the defendants, and so did. 
The case was then appealed to the Supreme 
Court of Wisconsin and was there sus- 
tained. 

This is another instance of a decision 
that the doctrine or maxim of respondeat 
superior does not apply when physicians 
are employed by others. However, had 
the roentgenologist in this case been a 
member of the group—instead of being an 
employee—he would have been one of the 
defendants, and the case would have had 
to be defended along entirely different 
lines. 

Incidentally, the writer has had ex- 
perience with two instances wherein the 
patients insisted upon the application of 
greater dosage than he personally deemed 
wise and safe. In one of these, the pa- 
tient was a physician, and we had the 
physician-patient write anorder—witnessed 
by his wife and two sons-—stating that he 
insisted upon the administration of three 
times the usual and normal dosage, and 
releasing me from any and all liability, 
blame, or responsibility if damage ensued 
or resulted. 

In the other case, I secured a release in 
the form published in the sixth installment 
of the first series of these papers (RADI- 
oLoGy, February, 1936, p. 161). For- 
tunately, no bad dermatitis resulted from 
either of these instances of over-dosage, 
but if such result had supervened, I feel 
sure that I was adequately protected and 
safeguarded. I advise similar action when, 
as, or if the occasion requires it. 


THEY RAN INTO A PARKED AUTOMOBILE 


The wife of a banker was riding in her 
Lincoln phaeton on a forty-foot-wide ce- 
ment paved highway near Chicago several 
years ago. She directed her chauffeur to 
stop at a roadside produce market, and 
after the automobile had been standing 
parked in the extreme right side of the 
pavement for about five minutes, a hard 
driving, reckless “road hog’’ drove up 
from behind, his small light car running 
into the heavy Lincoln becoming pretty 
well smashed up. The driver himself was 
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not injured, but it was alleged that his 
wife, who was seated beside him, had several 
bones broken, etc. All this occurred in 
broad daylight, with the sun shining and 
on a paved state road, forty feet wide as 
stated above, a few miles outside of Chicago 
during the month of September. 

The owner and driver of the smaller car 
brought suit against the owner of the 
parked Lincoln, alleging numerous and 
various injuries to both himself and his 
wife. The writer was called as an expert 
witness to interpret certain roentgenograms 
which had been introduced and which 
had been interpreted as showing two 
fractured ribs. My testimony was that 
there were no fractured ribs shown in the 
films examined by me. Another roent- 
genologist, of national standing and repu- 
tation, testified identically as I had done. 
In rebuttal the plaintiff introduced a ne’er- 
do-well physician who claimed to be a 
roentgenologist. He testified that there 
were two fractures to be seen in the films. 

The case was a frank, open and shut 


hold-up, but the jury rendered a ver- 
dict in favor of the plaintiffs and a- 
warded damages in the sum of $3,000. 
The defendant’s attorneys moved for 


a new trial, and in conference with 
plaintiff's attorneys assured them that 
they would appeal the case if a new trial 
was not granted. Thereupon, plaintiff's 
attorneys offered to settle, and accepted 
$1,200 in full for the affair. 

Here was an instance in which, in the 
first place, the defendant’s properly parked 
car was run into by the plaintiff and in 
which the alleged injuries did not occur, 
but because the plaintiffs had a plausible, 
lying, medical expert witness and the de- 
fendant was rich and affluent, she had to 


pay. 


INCONVENIENT AND A NUISANCE, BUT WE 
WENT JUST THE SAME 


About twelve years agoa fine old physician 
in a small Illinois town on the Mississippi 
River was sued by the town drunkard for 
alleged roentgen-ray injury to his hands, 
following treatment for eczema. The de- 
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fendant-physician was an old time general 
practitioner in the small place, where 
everyone knew and loved him. 

The defendant-physician had no mal- 
practice insurance and the State medical 
society planned to defend him. The 
Medico-legal Defense Committee asked 
me to go to the trial as an expert witness 
for the defense. At my suggestion another 
radiologist was also asked to go. 

Because of the lack of railroad facilities, 
we were compelled to go into Iowa at 
night, and cross the Mississippi River back 
to Illinois in a ferry boat the next morning, 
and we had to arise long before my usual 
breakfast time to catch that ferry. 

After waiting around the court house 
for several hours, the trial was started, and 
after the plaintiff’s attorney had presented 
his case, the attorney for the defendant 
made a motion that the judge take the 
case from the jury because the plaintiff 
had not presented a case. After a few 
minutes’ consideration and deliberation, 
the judge discharged the jury and gave a 
verdict for the defendant. 

Dr. O. and I had made the trip and had 
undergone the inconveniences for nothing; 
but we were nonetheless glad and happy 
at the outcome. The main and principal 
compensation we had while waiting for 
court to open that morning was an oppor- 
tunity of seeing many flocks of ducks and 
geese migrating northward up the Missis- 
sippi valley. 

This case was appealed, and the Appel- 
late Court returned it to the District Court 
for re-trial, on the basis that there was 
enough to let a jury decide upon the merits 
of the plaintiff’s claims. 

The matter never came up again, as it 
was settled for a small amount. The 
good old doctor preferred to settle rather 
than undergo the inconvenience, annoyance, 
and disconcerting nuisance of preparing 
for another trial. 


THEY THREATENED TO SUE FOR LIBEL, BUT 
THEIR BLUFF WAS CALLED 


Quite a number of years ago, the writer 
presented a paper before the Radiological 
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Society on malpractice insurance. A short 
time after the paper was published, he re- 
ceived a letter from a firm of attorneys in- 
forming him that if he did not immediately 
retract certain statements made in that 
paper they would, in behalf of their clients 
(naming them), start action for libel against 
me in the United States District Court. 

As may be assumed, I was not at all 
frightened because I had ample proof of 
everything that had been said about the 
people and the corporation referred to in 
the paper and the men named in the letter 
from the attorneys as the ones who felt 
aggrieved and who took me to task. I 
had photostat copies of documents, origi- 
nal letters, and plenty of material to 
prove every statement made in the paper, 
if proof became necessary. 

After allowing several days to pass I 
replied to the attorneys apologizing for 
the delay in answering and casually asking 
why their clients had assumed that I had 
alluded to them in the uncomplimentary 
statements to which they had apparently 
taken exceptions. I expressed surprise 
that they had fitted the shoe to their foot 
if it—the shoe—did not fit. I further 
stated that while no names had been given 
to the men and institution referred to, I 
knew to whom the description referred, but 
that I had not disclosed to any one exactly 
whom I meant and what individual de- 
served all the unpleasant things I said. 
The brevity of the letter was excused (it 
was not at all brief, but I wanted to say 
something) because of having too much to 
do to permit of time to carefully consider 
the matter, and the attorneys were invited 
to write more fully and in detail, relative 
to their charges and claims. 

After a few days, I received a long letter, 
consisting of several large pages, reciting 
numerous and various things that the 
writer was guilty of saying, etc., and threat- 
ening in no uncertain terms to have me up 
before the court. 

No reply was made to the last-mentioned 
letter. In about a month another letter, 
enclosing a copy of the previous letter, was 
received. 


Thinking that perhaps it might be 
better to call their bluff at that time, the 
following was written upon a one-cent 
post card and sent to the law firm: “‘Rela- 
tive to the subject of your letters of — 
and — permit me to say that if you want 
proof of the truth of every word of my 
statements in the publication you refer 
and object to, all you need do is to start 
the suit you threaten. 

“T am neither anxious nor desirous of 
defending any suit, but if forced to such 
action I not only can but will prove the 
truth of every word of my allegations.” 

I heard nothing further regarding the 
matter. But I still have all the proof in 
my files, ready to use against the individ- 
uals, if the occasion ever arises that I 
might need it. 


THE LAWYER APOLOGIZED TO THE JUDGE, 
THE DOCTOR, AND THE JURY 


A very well-known and highly respected 
radiologist who apparently appreciates 
the writer’s efforts along medico-legal 
lines wrote me in 1929 from which the 
following is quoted: 

“TI have read with interest your paper 
‘The Expert Witness Fee.’ I have just 
had an experience which I would like to 
state briefly. A few weeks ago I was sub- 
poenaed in my office by a deputy sheriff 
and ordered to bring all films and records 
from the B— M— Hospital in a certain 
case, in a personal damage lawsuit. 

“The attorney who summoned me is a 
high pressure ambulance chaser. Of course 
he did it so as to get cheap expert evidence. 
I appeared in court on the day with noth- 
ing. The district judge asked me why I 
did not bring the records, as ordered. I 
showed him a copy of a letter from the 
attorney for the hospital, stating that I 
could not have the records, that they would 
be delivered only on subpoena served upon 
the proper member of the hospital man- 
agement, namely, the superintendent. 

“The attorney for the plaintiff immedi- 
ately despatched his partner to the hos- 
pital for the records. He went to my 
technician and wanted to know where the 
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records were. She immediately asked him 
for his authority. He stated that he was 
one of the attorneys interested in the case. 
She refused to give him the records. He 
asked her if they were then lying on the 
table. She stated, ‘yes,’ and he tried to 
grab them. She sprang between him and 
the records and told him that he would 
take them over her dead body. He then 
returned to the city and secured the proper 
subpeena and got the records from my 
technician and brought them into court. 

“Four other members of the hospital 
staff and myself were held in court for a 
day and a half with nothing todo. At the 
end of this time I was again put on the 
stand, and I gave such poor testimony 
that the attorney turned on me and tried 
to impeach my testimony and discredit 
me as a witness in the sight of the jurors. 
The judge warned him to be careful, but 
he persisted. Finally the judge called him 
very sharply to time and told him that if 
he did not protect his own witness, the 
court would do it for him. He told 
him that Dr.— had a reputation in— 
which was equal to any of the best citizens, 
and he then explained to the jury who I 
was, that I was an expert, and that any- 
thing I said should be believed by them, 
and that he wanted it thoroughly under- 
stood that the prosecuting attorney was 
exceeding his rights. Even after this, the 
attorney continued to abuse me and the 
judge arose, pounded the bench, and 
trembling with anger, told this attorney 
that he could either apologize to the court 
and the jury or he could leave the court 
room and his case would be thrown out. 
The attorney, after a waiting a short while, 
apologized to the judge, the jury, and to 
me. He lost his suit, which was for 
$30,000 damages. 

“T do not know as I won very much by 
making a martyr of myself, but I do think 
that it is wrong for attorneys to make ex- 
pert witnesses of subpoenaed physicians 
who must answer all questions without 
additional compensation.” 

Personally, our reaction to the foregoing 
recital is that our good colleague gained 


considerably thereby. He gained his own 
self-respect and showed that he merited 
the respect of the presiding judge. 

While this physician did not know it, 
and the attorneys for the other side of the 
case probably overlooked it, they in all 
likelihood could have hidden behind the 
privileged communication statute in force 
in that State. It has been decided that 
hospital records are privileged. 


PROSTATIC CARCINOMA: ROENTGEN THER- 
APY: DERMATITIS: DEATH-SUIT 


A firm made up of high type physicians, 
surgeons, and radiologists treated a 65- 
year-old man who had carcinoma of the 
prostate, with apparent success. Some 
considerable time after the termination of 
the series of treatments an ulcer developed 
over the sacrococcygeal region and the 
man sought the medical advice of a com- 
petitor of the firm who had previously 
treated him. 

This competitor—with whom the others 
had had some minor difficulty—immedi- 
ately made a diagnosis of ‘x-ray burn,’ and 
began daily application of ultra-violet 
light. The patient succumbed after 
several weeks, and the man then in atten- 
dance secured permission to perform an 
autopsy, removing (and preserving) the 
sacrococcygeal region and overlying tis- 
sues, and later exhibiting this specimen to 
the relatives of the dead man. He—it was 
alleged and probably true—agreed to pro- 
duce the gruesome pathological specimen 
in court and testify that the ulcer shown was 
due to over-dosage with the x-rays. The 
relatives then brought suit against the 
firm of physicians, alleging malpractice 
and asking $50,000 damages, etc. 

After the filing of the suit, one of the 
defendants, who had somewhere heard 
about the writer, visited me, accompanied 
by one of his attorneys, and told the har- 
rowing tale of woe. They gave me the 
technic that had been used and all the 
other necessary particulars, and I agreed 
to take the matter under consideration. 
After a conference with the insurance 
company defending the case and several 
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days’ investigation of the conduct of the 
other physician, I finally agreed to appear 
as an expert in the case, at the time of the 
trial of the suit. After making that de- 
cision, I wrote the following: 

“Points to be brought out by my testimony 
—My qualifications as an expert and an 
authority in x-ray diagnosis and treat- 
ment. Go as far as you like, but make it 
plenty, so as to impress upon the judge 
and jury that your witness knows his x- 
rays. 

“Treatment by means of the x-rays is 
recognized as an approved method in can- 
cer of the prostate gland. 

“The treatment as applied by the de- 
fendants (give technic used) was correct 
and proper treatment for a patient—a man 
of about 65—afflicted with cancer of the 
prostate gland, in 1923. 

“The treatment administered accord- 
ing to the technic stated, should not, and 
under ordinary conditions would not, pro- 
duce an x-ray dermatitis, or any other 
skin reaction or untoward effect upon the 
patient. 

“The dose, administered according to 
the records, is equal to about one-fourth 
enough to produce a skin reaction. 

“If a dermatitis (or so-called x-ray burn) 
did occur, such occurrence was not due to 
the effect of the x-rays administered by de- 
fendants alone, but was probably and in 
all likelihood due to the application of 
some irritating or caustic drug or some 
other agent in addition to the x-rays, or the 
combination of any two or more of these. 

“So-called x-ray burns never kill. Ul- 
tra-violet light treatments may be wrong 
treatment and contraindicated under some 
conditions. Authorities differ as to their 
use during the x-ray treatment period, and 
some of the best of recent writers depre- 
cate the use of the ultra-violet light as a 

remedy for x-ray dermatitis. Dr. L. L. 
MacArthur, a celebrated surgeon of Chi- 
cago, who has treated large numbersof x-ray 
burns, says that ultra-violet light adds in- 
sult to injury and does more harm than 
good. Dr. George Miller MacKee, of 
New York City, one of America’s leading 


skin specialists, published within the last 
year a paper arguing against the use of 
ultra-violet light in the treatment of x-ray 
burns. This paper was read at the meet- 
ing of the American Medical Association 
at Atlantic City last year (1925). 

“The authorities who recommended the 
ultra-violet light said that it should be used 
from once a week to once in three weeks 
and not every day as Dr. R. used 1t. 

“Tf no cancer was found in the prostate 
gland removed at the time of the autopsy 
as alleged by Dr. R., that does not and can- 
not prove that cancer had not been present 
and had been cured by the x-ray treatments. 
Unless the entire prostate gland had been 
sectioned and every microscopic field had 
been examined under the microscope, it 
could not be authentically nor authoritatively 
said that cancer was not present. Any state- 
ment to that effect, made under any other 
condition, would be a guess only, and not re- 
liable. This can be substantiated by all the 
expert testimony needed to prove its truth.”’ 

When the time for the trial arrived, I 
went to the city where it was to be held, 
and after a lengthy conference with the de- 
fendants and their attorneys and later a 
conference with the attorneys for the plain- 
tiff, it seemed to me most advisable that 
this case be settled out of court. With the 
consent of all concerned, the office of the 
insurance carrier was reached by long dis- 
tance telephone, and after a brief conver- 
sation they (the insurance carriers) author- 
ized settlement of the suit for $7,500, and 
the suit was dismissed. 

A few days later, I wrote the following to 
the insurance carrier: “I had intended 
writing you yesterday immediately after 
my return from the scene of that R—vs. 
A— case, but owing to the death of Dr. 
Clarence Geyer, of Milwaukee, I went to 
that place to attend his funeral, and am 
therefore a day late in making my formal 
report regarding that affair at W—. 

“After looking the situation over, upon 
my arrival at W— the morning of the 
12th, the attorneys, Dr. A. and Dr. B., and 
I had an extended conference. The doc- 
tors were very sure that Dr. R. would pre- 
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sent a specimen in the suit, which will show 
the ulcer on the back, over the region al- 
leged to have been injured by the x-rays. 
That and other things, particularly the 
fact that a dermatitis, or what you lawyers 
have called ‘an x-ray burn,’ probably had 
been produced, led the attorneys to feel 
that the case would surely go to the jury. 
Taking all these items into consideration 
it was decided best to continue efforts to- 
ward settlement, with the result that you, 
of course, know. 

“Much as I dislike the idea of settlement 
of any of these suits, as you know, I think 
that that was the best and by all means the 
cheapest way to dispose of this one. The 
chances that the physician who was behind 
the entire affair would have made a grand- 
stand play of showing up the gruesome ul- 
cer-bearing:- anatomical specimen, made it 
more than ever a bad case to bring to trial.” 

The physician who aided and abetted the 
plaintiff in this malpractice suit has passed 
to his reward—I might have said ‘punish- 
ment’ and not be alone in saying that. 


ANOTHER ECZEMA CASE, WITH A BAD END- 
RESULT 


After a conference with the attorney for 
the insurance carrier of a general practi- 
tioner in a northern Illinois city in 1924, I 
was asked to be present at the trial of a 
malpractice suit. The suit was for $15,000 
damages, the plaintiff being a woman of 
that doubtful age between thirty-five and 
fifty, who had been treated—or perhaps 
I had better say mistreated—for a chronic 
eczema on the dorsal surfaces of both 
hands. 


The defendant physician had little or no 
knowledge of the proper methods of apply- 
ing the roentgen rays, having had only the 
instruction of the salesman who sold him 
the machine, and had produced a third de- 
gree dermatitis, which to all appearances 
was liable to end in considerable deformity 
and disability. 

I was put on the stand to prove that 
roentgen therapy was an approved and 
recognized method of treating chronic 
eczema, that being about all the testimony 
I could offer which might prove of assis- 
tance to the defendant. The defendant’s 
records showed that he had used only 
moderate dosage, and I testified that the 
dosage as shown by the records was not ex- 
cessive. However, the injury was so 
surely the result of the application of more 
irradiation than his records showed that 
my testimony was not nearly as convincing 
as it would have been under different cir- 
cumstances, wherein I had had confidence 
of the correctness of the records. This was 
so plain that the attorney who repre- 
sented the State Society afterward joked 
at my being a “‘poor dissembler.”” Had I 
known more about this case, I would not 
have attended the trial and would have ad- 
vised settlement. 

The jury brought in a verdict for the 
plaintiff and fixed the damages at $3,000, 
giving a judgment for that amount. The 
case was finally settled for $2,200, which 
was less than I would estimate the amount 
of damage done. 


(To be concluded) 














RADIOLOGICAL SOCIETIES IN THE UNITED STATES 


CALIFORNIA 

CALIFORNIA MEDICAL ASSOCIATION, SECTION 
ON RADIOLOGY. Chairman, John D. Lawson, 
M.D., 1306 California State Bldg., Sacra- 
mento; Secretary, Karl M. Bonoff, M.D., 
1930 Wilshire Blvd., Los Angeles. Meets 
annually with California Medical Associa- 
tion. 





LOS ANGELES COUNTY MEDICAL ASSOCIATION, 
RADIOLOGICAL SECTION. President, D. R. 
McColl, M.D.; Vice-president, John F. 
Chapman, M.D.; Secretary, E. N. Liljedahl, 
M.D.; Treasurer, Henry Snure, M.D. Meets 
every second Wednesday of month at County 
Society Building. 





PACIFIC ROENTGEN CLUB. Chairman, Ray- 
mond G. Taylor, M.D., 1212 Shatto St., 
Los Angeles; Secretary, L. Henry Garland, 
M.D., 450 Sutter St., San Francisco. 


COLORADO 

DENVER RADIOLOGICAL CLUB. President, W. 
Walter Wasson, M.D., 246 Metropolitan 
Bldg.; Vice-president, Ernst A. Schmidt, 
M.D., Colorado General Hospital; Secretary, 
Nathan B. Newcomer, M.D., 306 Republic 
Bldg.; Treasurer, Leonard G. Crosby, M.D., 
366 Metropolitan Bldg. Meets third 
Tuesday of each month at homes of mem- 
bers. 


CONNECTICUT 

CONNECTICUT STATE MEDICAL SOCIETY, SEC- 
TION ON RADIOLOGY. Chairman, Kenneth 
K. Kinney, M.D., 29 North Street, Willi- 
mantic; Vice-chairman, Francis M. Dunn, 
M.D., 100 State Street, New London; Sec- 
retary-Treasurer, Max Climan, M.D., 242 
Trumbull St., Hartford. Meetings twice 
annually in May and September. 


DELAWARE 


Affiliated with Philadelphia Roentgen Ray 
Society. 


FLORIDA 
FLORIDA STATE RADIOLOGICAL SOCIETY. Presi- 
dent, Gerald Raap, M.D., 168 S. E. First St., 
Miami; Vice-president, H. O. Brown, M.D., 
404 First Nat’l Bank Bldg., Tampa; Secre- 
lary-Treasurer, H. B. McEuen, M.D., 126 W. 
Adams St., Jacksonville. 


ILLINOIS 

CHICAGO ROENTGEN SOCIETY. President, 
David S. Beilin, M.D., 411 Garfield Ave.; 
Vice-president, Chester J. Challenger, M.D., 
3117 Logan Blvd.; Secretary-Treasurer, Roe 
J. Maier, M.D., 7752 Halsted St. Meets 
second Thursday of each month, September 
to May, except December. 





ILLINOIS RADIOLOGICAL SOCIETY. President, 
Ivan Brouse, M.D., 316 W. State, Jackson- 
ville; Vice-president, Cesar Gianturco, M.D., 
Carle Hospital Clinic, Urbana; Secretary- 
Treasurer, Edmund P. Halley, M.D., 968 Citi- 
zens Bldg., Decatur. Meetings quarterly by 
announcement. 





ILLINOIS STATE SOCIETY, SECTION OF RADIOL- 
ocy. President, Roswell T. Pettit, M.D., 
728 Columbus St., Ottawa; Secretary, Ralph 
G. Willy, M.D., 1138 N. Leavitt St., Chicago. 


INDIANA 

INDIANA ROENTGEN SOCIETY. President, J. N. 
Collins, M.D., 23 E. Ohio St., Indianapo- 
lis; President-elect, Stanley Clark, M.D., 
108 N. Main St., South Bend; Vice-presi- 
dent, Juan Rodriguez, M.D., 2903 Fairfield 
Ave., Fort Wayne; Secretary-Treasurer, Clif- 
ford C. Taylor, M.D., 23 E. Ohio St., In- 
dianapolis. Annual meeting in May. 


IOWA 
THE IOWA X-RAY CLUB. Holds luncheon and 
business meeting during annual session of 
Iowa State Medical Society. 


MAINE 
See New England Roentgen Ray Society. 


MARYLAND 
BALTIMORE CITY MEDICAL SOCIETY, RADIO- 
LOGICAL SECTION. Secretary, H. E. Wright, 
M.D., 101 W. Read St., Baltimore. Meet- 
ings each Monday night. 


MASSACHUSETTS 
See New England Roentgen Ray Society. 


MICHIGAN 
DETROIT X-RAY AND RADIUM SOCIETY. Presi- 
dent, C. C. Birkelo, M.D., Herman Keifer 
Hospital; Vice-president, E. W. Hall, M.D., 
10 Peterboro St.; Secretary-Treasurer, E. R. 
Witwer, M.D., Harper Hospital. Meetings 
first Thursday of each month from October 
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to May, inclusive, at Wayne County Medical 
Society Bldg. 


MICHIGAN ASSOCIATION OF ROENTGENOLO- 
cists. President, J.C. Kenning, M.D., 1536 
David Whitney Bldg., Detroit; Vice-presi- 
dent, A. W. Chase, M.D., 133 Toledo St., 
Adrain; Secretary-Treasurer, C.S. Davenport, 
M.D., 609 Carey St., Lansing. 





MINNESOTA 


MINNESOTA RADIOLOGICAL SOCIETY. Presi- 
dent, Walter H. Ude, M.D., 78 S. 9th 
St., Minneapolis; Vice-president, Leo G. 
Rigler, M.D., University Hospitals, Minne- 
apolis; Secretary-Treasurer, Harry Weber, 
M.D., 102 Second Ave., S. W., Rochester. 
Meetings quarterly. 


MISSOURI 


THE KANSAS CITY RADIOLOGICAL SOCIETY. 
President, L. G. Allen, M.D., 907 N. 7th St., 
Kansas City, Mo.; Secretary, Ira H. Lock- 
wood, M.D., 306 E. 12th St., Kansas City, 
Mo. Meetings last Thursday of each month. 





THE ST. LOUIS SOCIETY OF RADIOLOGISTS. 
President, Joseph C. Peden, M.D., 634 N. 
Grand Blvd.; Secretary, W. K. Mueller, 
M.D., 607 N. Grand Blvd. Meetings 
fourth Wednesday of each month. 


NEBRASKA 


NEBRASKA STATE RADIOLOGICAL SOCIETY. 
President, Howard B. Hunt, M.D., 4740 
Hickory St., Omaha; Secretary, D. Arnold 
Dowell, M.D., 117 S. 17th St., Omaha. 
Meetings first Wednesday of each month at 
7 P.M. in Omaha or Lincoln. 


NEW ENGLAND ROENTGEN RAY SO- 


CIETY 
(Maine, New Hampshire, Vermont, Massa- 
chusetts, Rhode Island, and Connecticut.) 
President, Frank E. Wheatley, M.D., 520 
Beacon St., Boston; Secretary, E. C. Vogt, 
M.D., 300 Longwood Ave., Boston. Meet- 
ings third Friday of each month from October 
to May, inclusive, usually at Boston Medical 


Library. 


NEW HAMPSHIRE 


See New England Roentgen Ray Society. 


NEW JERSEY 

NEW JERSEY STATE RADIOLOGICAL SOCIETY. 
President, W. W. Maver, M.D., 532 Bergen 
Ave., Jersey City; Vice-president, J. D. 
Tidaback, M.D., 382 Springfield, Summit; 
Secretary, P.S. Avery, M.D., Middlesex Gen- 
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eral Hospital, New Brunswick. Meetings at 
Atlantic City at time of State Medical So- 
ciety, and Midwinter in Newark as called by 
President. 


NEW YORK 


BROOKLYN ROENTGEN SOCIETY. President 
Albert Voltz, M.D., 115-120 Myrtle Avenue, 
Richmond Hill; Vice-president, A. L. L. 
Bell, M.D., Long Island College Hospital, 
Henry, Pacific, and Amity Sts., Brooklyn; 
Secretary-Treasurer, E. Mendelson, M.D., 
132 Parkside Ave., Brooklyn. Meetings 
first Tuesday in each month at place desig- 
nated by president. 





BUFFALO RADIOLOGICAL SOCIETY. President, 
John Barnes, M.D., 875 Lafayette Ave.; 
Vice-president, W. L. Mattick, M.D., 290 
Highland Drive; Secretary-Treasurer, J. S. 
Gian-Franceschi, M.D., 610 Niagara Street. 
Meetings second Monday evening each 
month. 


CENTRAL NEW YORK ROENTGEN-RAY SOCIETY. 
President, W. E. Achilles, M.D., 60 Seneca 
St., Geneva; Vice-president, M. T. Powers, 
M.D., 250 Genesee St., Utica; Secretary- 
Treasurer, Carlton F. Potter, M.D., 425 
Waverly Ave., Syracuse. Meetings held in 
January, May, and October as called by 
Executive Committee. 








LONG ISLAND RADIOLOGICAL SOCIETY. Prest- 
dent, David E. Ehrlich, M.D., 27 W. 86th 
St., New York City; Vice-president, H. 
Koiransky, M.D., 43-37 47th St., Long 
Island; Secretary, S. Schenck, M.D., 115 
Eastern Parkway, Brooklyn; Treasurer, 
Moses Goodman, M.D., 45-01 Skillman 
Ave., Long Island. Meetings third Thurs- 
day evening each month at Kings County 
Medical Bldg. 


NEW YORK ROENTGEN SOCIETY. President, 
E. F. Merrill, M.D., 30 W. 59th St., New 
York City; Vice-president, I. W. Lewis, 
M.D.; Secretary, H. K. Taylor, M.D., 667 
Madison Ave., New York City; Treasurer, 
R. D. Duckworth, M.D., 170 Maple Ave., 
White Plains. Meetings third Monday even- 
ing each month at Academy of Medicine. 








ROCHESTER ROENTGEN-RAY SOCIETY. Chair- 
man, Joseph H. Green, M.D., 277 Alexander 
St.; Secretary, S. C. Davidson, M.D., 277 
Alexander St. Meetings at convenience of 
committee. 
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SOCIETY OF RADIOLOGICAL ECONOMICS OF 
NEW YORK. President, Albert L. Voltz, 
M.D., 115-120 Myrtle Ave., Richmond Hill; 
Vice-president, M. M. Pomeranz, M.D., 911 
Park Ave., New York City; Secretary, W. F. 
Francis, M.D.; Treasurer, Theodore West, 
M.D., United Hospital, Port Chester. Meet- 
ings first Monday evening each month at 
McAlpin Hotel. 


NORTH CAROLINA 

RADIOLOGICAL SOCIETY OF NORTH CAROLINA. 
President, Robert P. Noble, M.D., 127 W. 
Hargett St., Raleigh; Vice-president, A. L. 
Daughtridge, M.D., 144 Coast Line St., 
Rocky Mount; Secretary-Treasurer, Major I. 
Fleming, M.D., 404 Falls Road, Rocky 
Mount. Meetings with State meeting in 
May, and meeting in October. 


OHIO 

RADIOLOGICAL SOCIETY OF THE ACADEMY OF 
MEDICINE (Cincinnati Roentgenologists). 
President, George Benzeng, M.D., St. Eliza- 
beth Hospital, Covington, Ky.; Secretary- 
Treasurer, Justin E. McCarthy, M.D., 707 
Race St., Cincinnati, Ohio. Meetings held 
third Tuesday of each month. 


PENNSYLVANIA 

PENNSYLVANIA RADIOLOGICAL SOCIETY. 
President, Sydney J. Hawley, M.D., Geis- 
inger Memorial Hospital, Danville; First 
Vice-president, William J. McGregor, M.D., 
744 Franklin Ave., Wilkinsburg; Second 
Vice-president, Oscar M. Weaver, M.D., 12 
S. Main St., Lewistown; Secretary-Treasurer, 
Lloyd E. Wurster, M.D., 416 Pine St., 
Williamsport; President-elect, Charles S. 
Caldwell, M.D., 520 S. Aiken Ave., Pitts- 
burgh. Annual meeting, May, 1938. Ex- 
act date and place to be decided. 





PHILADELPHIA ROENTGEN RAY SOCIETY. 
President, Thomas P. Laughery, M.D., Ger- 
mantown Hospital; Vice-president, Elwood 
E. Downs, M.D., Jeans Hospital, Fox Chase; 
Secretary, Barton H. Young, M.D., Temple 
University Hospital; Treasurer, R. Manges 
Smith, M.D., Jefferson Hospital. Meetings 


first Thursday of each month from October 
to May, Thompson Hall, College of Physi- 
cians, 19 S. 22nd St., 8:15 p.m. 


RHODE ISLAND 
See New England Roentgen Ray Society. 


SOUTH CAROLINA 

SOUTH CAROLINA X-RAY SOCIETY. President, 
Robert B. Taft, M.D., 105 Rutledge Ave., 
Charleston ; Secretary-Treasurer, Hillyer Rudi- 
sill, M.D., Roper Hospital, Charleston. 
Meetings in Charleston on first Thursday in 
November, also at time and place of South 
Carolina State Medical Association. 


SOUTH DAKOTA 
Meets with Minnesota Radiological Society. 


TENNESSEE 
MEMPHIS ROENTGEN CLUB. Chairmanship 
rotates monthly in alphabetical order. Meet- 
ings second Tuesday of each month at Uni- 
versity Center. 





TENNESSEE STATE RADIOLOGICAL SOCIETY. 
President, H. S. Shoulders, M.D., 246 Doc- 
tors Bldg., Nashville; Vice-president, S. S. 
Marchbanks, M.D., 508 Medical Arts Bldg., 
Chattanooga; Secretary-Treasurer, Franklin 
B. Bogart, M.D., 311 Medical Arts Bldg., 
Chattanooga. Meeting annually with State 
Medical Society in April. 


VERMONT 
See New England Roentgen Ray Society. 


VIRGINIA 
RADIOLOGICAL SOCIETY OF VIRGINIA. Presi- 
dent, Fred M. Hodges, M.D., 100 W. Frank- 
lin St., Richmond; Vice-president, L. F. 
Magruder, M.D., Raleigh and College Aves., 
Norfolk; Secretary, V. W. Archer, Univer- 
sity of Virginia Hospital, Charlottesville. 


WASHINGTON 
WASHINGTON STATE RADIOLOGICAL SOCIETY. 
President, H. E. Nichols, M.D., Stimson 
Bldg., Seattle; Secretary, T. T. Dawson, 
M.D., Fourth and Pike Bldg., Seattle. 
Meetings fourth Monday of each month 
at College Club. 
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EDITORIAL 


HOWARD P. DOUB, M.D., Associate Editor 


LEON J. MENVILLE, M.D., Editor 





PRIMARY CARCINOMA OF THE LUNG 


There are many to-day who feel that bron- 
chogenic carcinoma is increasing in frequency. 
It is difficult to determine whether this increase 
is absolute or relative, but it is a fact that the 
early recognition of the disease has enormously 
increased. . This earlier recognition has resulted 
largely from the combined efforts of the roent- 
genologist and bronchoscopist working as a 
diagnostic team. 

No common etiologic factor has been found 
to account for the occurrence of the disease. 
It has been found somewhat more frequently 
in association with pneumoconiosis, but it may 
occur in an otherwise healthy person. It is 
common among cobalt miners of Schnee- 
berg and also among pitch-blende miners of 
Austria. Martland (1) believes this to be due to 
inhalation of the radio-active ore whereby the 
alpha particles come in direct contact with the 
tissues causing atomic and molecular disinte- 
gration. This action of the alpha particle is 
much more destructive than either the beta or 
gamma rays. 

The incidence of carcinoma of the lung varies 
from 5 to 10 per cent of all malignancy. Rose- 
dale and McKay (2) report 7.5 per cent from 
Buffalo City Hospital, and Brines and Kenning 
(3) report 7.8 percent from all cases of carci- 
noma found in Detroit Receiving Hospital. 

It is probably the second or third most com- 
mon form of malignancy found at autopsy. 
Males are much more frequently affected than 
females. The most common symptoms are 
cough, pain in the chest, dyspnea, loss of weight, 
and hemoptysis. 

It is said to be somewhat more common in 
the right lung. The typical location of these 
tumors is in the larger bronchi near the hilus, 
but occasionally they begin in the smaller 
more peripheral bronchi. In a few cases there 
appears to be a diffuse infiltration of the paren- 
chyma of the lung. 

Bronchogenic carcinoma is notable for its 
widespread metastases to the skeletal system 
and most of the other organs. It is especially 


prone to metastasize to the liver, kidney, adre- 
nal, contralateral lung, and brain. Regional 
and distant lymph glands are usually involved. 
In some instances the primary tumor is in- 
conspicuous in comparison with its more promi- 
nent metastases. 

For early diagnosis reliance must be placed on 
bronchoscopy and the roentgen-ray examina- 
tion. Clerf (4) states that bronchoscopy is the 
most definite and positive diagnostic procedure 
available. This is, however, limited to growths 
of the larger bronchi. The diagnosis by bron- 
choscopy depends upon direct endoscopic view 
of the growth, biopsy, and secondary changes 
in the bronchial wall. Fixation and rigidity of 
the bronchial wall indicate infiltration even 
when no tumor tissue is visualized. 

Farrell (5) states that evidence of pulmonary 
atelectasis is the most common roentgeno- 
graphic finding and was found in 40 per cent of 
his cases. Visualization of the tumor mass and 
secondary congestive lung changes from the ob- 
structing tumor were important findings. Cavi- 
tation in the tumor is not uncommon and can 
be readily detected on the roentgen film. 

Until recent years these cases have been de- 
tected so late in the course of the disease that 
palliation only could be attempted. At the 
present time radiotherapy and surgery are the 
accepted methods of treatment. The latter is 
used in selected cases where there is a fair chance 
of complete removal of the tumor either by 
lobectomy or complete pneumonectomy. Sur- 
gical diathermy is also used perorally. 

One case in which lobectomy was performed 
was reported by Allen (6). The patient lived 
more than four years, but recurrence in the 
stump was present after two and one-half years. 
Radiotherapy kept this in check until the pa- 
tient died of pneumonia. Overholt (7) reported 
a similar case, with death after ten months. 

Complete pneumonectomy has been carried 
out with increasing frequency during the past 
few years. In 1933 Graham and Singer (8) per- 
formed a complete pneumonectomy for carci- 
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noma, with recovery of the patient. Two years 
later Graham (9) reported the patient to be well 
at that time. Overholt (7) reported two cases 
in which the patients were alive and well 14 and 
90 months later, respectively. Allen has one 
unreported case that is well one year after com- 
plete pneumonectomy for primary carcinoma. 

The surgical mortality from lobectomy or 
pneumonectomy in the past has run from 20 to 
30 per cent. In a series of 35 cases collected 
from the literature by Carlson and Ballon (10) 
there were 15 deaths or 43 per cent, shortly after 
lobectomy or pneumonectomy. It is only fair 
to state, however, that the operative mortality 
has been steadily decreasing in recent years. 

It should be kept in mind that occasionally 
the tumor is of such small size and is located in 
the main bronchus so that it can be removed by 
cauterization through the bronchoscope. Radon 
seeds can be implanted following the surgical 
procedure. 

Many of these tumors have proven relatively 
radioresistant but the results are far from hope- 
less. In many instances it results in prolonga- 
tion of life and gratifying symptomatic relief. 
Manges (11) reported three of his cases living 
and well six, seven, and eight years, respectively, 
after roentgen therapy, and several others more 
than one year. Leddy and Vinson (12) had 10 
patients who received roentgen therapy for 
proven bronchogenic carcinoma. These pa- 
tients were living from 15 months to four years 
later, with an average duration of life of 23 
months. These cases constituted 25 per cent 
of their entire series. Kernan (13) observed 
nine cases of proven carcinoma which were 
treated by means of x-ray, radium implanta- 
tion, and surgical diathermy. All but one of 
these cases were treated by means of surgical 
diathermy and the implantation of radon seeds. 
The other one received radon, x-ray, and dia- 
thermy. Three patients were dead, four were 
alive and well, and two were alive but had sug- 
gestive shadows in the chest. All of these pa- 
tients were living from two to five years after 
radiotherapy and diathermy. 

It should be noted that radiotherapy is appli- 
cable in nearly all cases of bronchogenic carci- 
noma and is palliative in those cases in which 
a cure is not obtained. There is no mortality 
associated with this therapeutic procedure. 
From a critical study of the therapeutic possi- 
bilities in this disease it is apparent that radio- 
therapy occupies an important place in its con- 
trol. Radical surgery is more dramatic, but 


has a considerable associated mortality and is 
applicable in comparatively few cases. 
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TO THE MEMBERS OF THE 
RADIOLOGICAL SOCIETY OF 
NORTH AMERICA 


This year the Annual Meeting of your Society 
will be held at the Palmer House, Chicago, 
September 13-17, in conjunction with the 
Fifth International Congress of Radiology. 
The regular scientific program of our Society 
has been omitted this year in order to permit 
the members to enjoy to the utmost the com- 
prehensive scientific discussions and exhibits 
that have been arranged by the Congress. 
The officers of the Fifth International Congress 
of Radiology have spared no effort to make this 
assembly one of the outstanding radiologic 
conferences of all time and many unusual edu- 
cational opportunities will be available to you 
at this meeting. 


a ene er Be BaF A Mihi 





i 
; 
} 
a 
i 


S2srTe, x , - . — 
So rteaa et ain Pel Ar IR BN § — ils NCard eke 


ape ep incites aceon” 4H 


RA cn es a, Se 


reser 


ARS Ph SANA I SRL ARO as et IOAN ATA TE > Pay 


aarp aoe ale tapes 


stoves 9 I ein 5 





NAT is ig BP dee 


Panera ae Fie ORa 


Sy re ree rare ee 


lf 
r 
i 





378 RADIOLOGY 


Through the co-operation of the officers of 
the Congress generous provision has been made 
for the necessary business sessions of the 
Radiological Society of North America. All 
of these have been scheduled at a time which 
will not interfere with the scientific program. 
A luncheon for the members of our Society 
will take the place of the usual Counsellors’ 
dinner, and I hope that all of you will plan to 
attend this important event. Thursday eve- 
ning has been set aside for the formal functions 
of the Radiological Society of North America. 
Following the annual banquet, at which your 
Society will be host to the officers of the 
American and foreign radiological societies, 
we shall adjourn to the grand ballroom where 
Doctor George Winslow Holmes, Clinical 
Professor of Roentgenology at Harvard Medi- 
cal School, will deliver the Fourth Carman 
Lecture on the subject, ‘““The Development of 
Post-graduate Teaching in Radiology.’ At 
the conclusion of the Carman Lecture a recep- 
tion for Doctor Holmes, and dancing, will com- 
plete the program which has been arranged for 
our members. 

Throughout the existence of the Radiological 
Society of North America our meetings have 
been noted for their scientific excellence and 
spirit of good fellowship. This year, through 
the unusual facilities afforded by the Fifth 
International Congress of Radiology, it will be 
our rare privilege to share these with our Ameri- 
can and foreign colleagues. I sincerely hope 
that I may have the pleasure of greeting all of 
you in Chicago. 

Joun D. Camp, M.D., President 
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FIFTH INTERNATIONAL CONGRESS 
OF RADIOLOGY 


PALMER HOUSE, CHICAGO 
September 13-17, 1937 


Attendance at this International Congress 
is not limited to members. A registered guest 
of the Congress is entitled to enjoy all of the 
features that have been provided. A regis- 
tered guest may attend and take part in the 
discussion at any of the scientific meetings 
along with the regular members and he is at 


liberty to visit all of the exhibits with fy] 
privileges. Registration for an educational 
course will require a small additional fee. To 
attend the grand banquet, he will be required 
to purchase a ticket for same at the registra- 
tion desk. 

Members who have delayed forwarding 
their data until they could not be included 
in the Portrait Catalogue will receive all of 
the privileges accorded members, including a 
copy of the Portrait Catalogue. 

For registered guests of the Congress, the 
fees are as follows: Registration for the entire 
Congress, $10.00; registration for one day, 
$3.00; registration for one complete educa- 
tional course, $4.00; registration for an edu- 
cational course, single day, $1.00; portrait 
catalogue for guest, $8.00; portrait catalogue, 
post-congress, $10.00. 

To facilitate the work of the committees 
who are providing entertainment features for 
the Congress, it is very important that mem- 
bers and registered guests notify the Secre- 
tariat as early as possible if they desire to reg- 
ister an Associate Member. If the members 
and guests of the Congress neglect the regis- 
tration of their associate members until they 
come to the Congress, the Committees will 
make every effort to provide for this group, 
but it is evident that if the numbers registered 
late are not exceedingly small, it will become 
very disappointing to both the Associate Mem- 
ber and the Committee. 

The Reception to Foreign Guests, spon- 
sored by the Chicago Roentgen Society, on 
Sunday afternoon from 3 until 6 o’clock, Sep- 
tember 12, becomes the first opportunity for 
the American radiologists to greet their col- 
leagues from foreign lands. The Congress 
desires to co-operate with the Chicago Roent- 
gen Society in every possible way in making 
this reception a very pleasant occasion. Mem- 
bers of the Congress should make an effort 
to be present and to enjoy this most unusual 
opportunity. 

Group dinners, whereby the American radi- 
ologists may have the opportunity to be hosts 
to a selected group of their friends from home 
and abroad, are being organized for the Sun- 
day evening following the afternoon reception. 
Some of our radiologists have already requested 
arrangements for their dinners. The Chair- 
man of the Committee of Reception to Foreign 
Guests is anxious to assist in these arrange- 
ments. The Committee will endeavor. to sup- 
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ply one or more foreign guests for any dinner 
upon request, and they will also co-operate 
in securing the foreign guests who may be 
designated by the host giving the dinner. 

The Scientific Program has been completed. 
Some of the arrangements are new and unique, 
and it is probably the first time that an at- 
tempt has been made to present an interna- 
tional program whereby the leaders in the 
science of radiology from all of the various 
countries of the world will present their con- 
tributions in such a way that they will be under- 
stood without difficulty by everyone in at- 
tendance. Three hundred contributions are 
grouped in nine sections. They are so clas- 
sified that the members and guests of the 
Congress will be able to arrange their schedule 
conveniently, wherein they may attend and 
hear the contributions covering the latest 
developments in the phases of radiology in 
which they are most interested. 

The Scientific Exhibits have been arranged 
with utmost care. The magnitude of this 
display would seem entirely too great were it 
not for the fact that the Committee has en- 
deavored to group the material in such a way 


that topical study may be undertaken. The 
Congress will recognize the excellence of this 
work by conferring its scientific awards. The 
effort that has been given to the organization 
of this exhibit insures its high character and 
usefulness to everyone in attendance. 

The Educational Courses have proven to 
be very popular with the members. While 
it is possible to accommodate a fairly large 
number in each of these courses, some have 
almost reached their limit, while others may 
receive several more before reaching their 
full quota. It is hoped that such registration 
will be requested as early as convenient in 
order that the confusion of last minute ar- 
rangements may be avoided. 

Members who are unable to reach Chicago 
for the Reception of Foreign Guests on Sunday 
afternoon should not fail to be present and at- 
tend the Opening Exercises on Monday eve- 
ning. Those who have not attended these 
occasions at international congresses should 
make every possible effort to be present. 

The registration desk will open officially at 
1 o'clock on Sunday afternoon, September 
12, 1937. 
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382 RADIOLOGY 


ANIMAL EXPERIMENTATION 


Histologic Changes in the Eye of the Rabbit Follow- 
ing Intra-ocular Injection of Radium Chloride Solution. 
F. Eichbaum. Strahlentherapie, 1937, 59, 90. 

In 1933, Altschul recommended the injection of small 
amounts of radium solutions into the eye in order to 
study the biologic effects of radium (Strahlentherapie, 
1935, 53, 187). He suggested 1 mc. as the minimum 
quantity. The author conducted similar experiments 
and studied the changes in the eye histologically at 
four weeks following the injection, and in one case four 
months later. He found that 0.5 mc. produces mild 
inflammatory changes while from 1 to 1.5 mc. causes 
rather destructive processes. He recommends, therefore, 
to reduce the usual quantity for experiments of this 
type to 0.5 mc. 

Ernst A. Pou_e, M.D., Ph.D. 


Experiments to Determine the Roentgen Resistance 
of the Virus of the Contagious Leukosis of Chicken. 
E. Forfota. Strahlentherapie, 1937, 59, 83. 

The author irradiated the virus of the contagious 
chicken leukosis with roentgen rays in vitro (150 kv-ert., 
4 ma., 20 cm. F.S.D., no filter, H.E.D. = 550 r). It 
appeared that the virus was absolutely resistant and 
showed no changes even after doses of 200 H.E.D. 
The author concludes, therefore, that in all probability 
the virus is not a living organism but a product of the 
leukosis cells. 

Ernst A. PoHLe, M.D., Ph.D. 


APPARATUS 


Teleradiography and the Compass of Hirtz. Viallet 
and Jalet. Bull. et Mém. Soc. Radiol. Méd. de France, 
February, 1937, 25, 166-169. 

In conjunction with roentgenograms taken at a 
distance (3 meters), the ‘“‘compass’’ of Hirtz furnishes 
a convenient and exact means of localizing foreign 
bodies. 

S. RicHarp Beatty, M.D. 


ARTERIOGRAPHY 


Arteriography of Changes in Cerebral Vessels in 
Commotio and Contusio Cerebri. W. Lohr. Zen- 
tralbl. f. Chir., Nov. 7, 1936, 63, 2642-2652. (Re- 
printed by permission from British Med. Jour., Dec. 
26, 1936, p. 108 of Epitome of Current Medical Litera- 
ture.) 

W. Lohr discusses the value of arteriography in 
cranial injuries. In cerebral concussion and in the 
more serious cerebral contusion the arteriography 
shows in cases of milder injury a contraction of blood 
vessels. The picture resembles the one seen, for 
example, in hydrocephalus. In grave cases and in the 
presence of cerebral tumefaction the blood vessels fill 
incompletely and are flattened owing to vascular 


paralysis and to mechanical compression. There js 
also more resistance to the inflow of the thorotrast 
during the injection. Incidentally, this increased re- 
sistance is observed whenever the intracranial pres- 
sure is increased. The differential diagnosis between 
meningeal hemorrhage and cerebral concussion or 
contusion can be made from the respective arterio- 
graphic appearances. In cerebral compression through 
meningeal or subdural hemorrhage the brain is dis- 
placed. The arteriographs therefore resemble those 
seen in tumors of the temporal lobe or in otogenic 
abscesses. But whereas in tumors, abscesses, and 
meningeal hemorrhage the vessels are pushed away 
from the inner cranial wall, in concussion or contusion 
the appearance is different. The vessels are not dis- 
placed at all, or only very slightly. In concussion 
they appear contracted, but remain in their normal 
position. There is also a slight peripheral stasis. In 
contusion, laceration, and tumefaction of the brain the 
vessels, even the smallest, are flattened as a result of 
the increased pressure, and their filling is incomplete. 
The paralysis and the narrowing of the vessels are 
caused by the swollen brain, which compresses the 
vasomotor nerves and flattens the vessels. Arteriog- 
raphy is valuable in the severe and neurologically 
difficult cases when applied early because the discovery 
of a cerebral compression is useful to the surgeon only 
in its early stages. When the decompression is delayed 
the compressed brain will not re-expand in spite of the 
removal of the clot. 


Dangers of Arteriography. E. Verschuyl. Nederl. 
Tijdschr. v. Geneesk., March 6, 1937, 81, 1007-1012. 
(Reprinted by permission from British Med. Jour., 
May 8, 1937, p. 74 of Epitome of Current Medical 
Literature. ) 

The author, who records two personal cases, states 
that in spite of the statements made by Reynaldo dos 
Santos in 1933, and by Leriche in 1935, arteriography is 
liable to lead to serious complications. These have 
been recorded chiefly by French writers, and may be 
divided into two groups. The first consists of a livid 
discoloration of the skin with peculiar violet spots 
which later become gangrenous, as recorded by Lam- 
bret, Matthieu, Leveuf, Deplat, and Reboul. The 
second group consists of gangrene without a transitional 
stage of discoloration, of which examples have been 
recorded by Leclerc, Moniz, and Reboul. Verschuyl’s 
first case was that of a man aged 70, who was admitted 
to hospital for violent pain in the left leg, which was 
pale and cold. There was a history of slight attacks 
of pain in the leg for the last ten years. The aorta 
was punctured at the level of the third lumbar vertebra 
and 20 c.c. of 35 per cent perabrodil was injected. 
The arteriograph showed an obstruction of the arteries 
on the right side below the common iliac artery. 
Death took place suddenly the following day. At 
necropsy the pericardial sac was found to be filled with 
large blood clots owing to rupture of the ascending 
aorta, and there was an extensive retroperitoneal 
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hematoma. No rupture could be observed in the 
abdominal aorta, and Verschuyl attributes the hema- 
toma to puncture of the aorta. The second case was 
that of a woman aged 28, admitted to hospital for 
severe pain in the right arm accompanied by cyanosis 
and swelling. Arteriography was performed by the 
injection of 20 c.c. of perabrodil into the right sub- 
clavian artery. Immediately after the injection the 
patient had a typical epileptic attack, but rapid re- 
covery took place. The arteriograph showed nothing 


abnormal. 


THE BREAST (BENIGN) 


Mastitis. W. T. Wiemer. Miinchen. med. Wchn- 
schr., Jan. 22, 1937, pp. 132, 133. (Reprinted by per- 
mission from the British Med. Jour., March 27, 1937, 
p. 50 of Epitome of Current Medical Literature.) 

The author believes that most cases of mastitis occur 
because early symptoms are neglected or inadequately 
treated. Any fissure around the nipples should be 
sprayed with 10 per cent novacain and then cauterized 
with 10 per cent silver nitrate. A sterile dressing is then 
applied. Milk is pumped off for three days, when the 
child is suckled again. In the presence of inflammation 
deep x-ray therapy is administered on three consecutive 
days. The temperature falls at once, and pain is re- 
lieved. If there is any infiltration, it is irradiated with 
a Sollux lamp daily untilit disappears. Early treatment 
is essential. There is little hope of success in a mastitis 
of two days’ duration. In the author’s experience Bier’s 
suction pump does not give nearly as good results as 
deep x-ray therapy. When an abscess forms it is not 
opened until definite fluctuation occurs. It is then in- 
cised with the thermocautery. The incision is as small 
as possible. In large abscesses two or three incisions 
may be necessary. The cavity is then washed out with 
antiseptic lotion. The small incision gives a good cos- 
metic result. Its edges do not heal rapidly, and there- 
fore no drainage tube is necessary. Bier’s suction pump 
may be used in the after-treatment to evacuate the 
abscess painlessly and to enable the cavity to heal more 
quickly on account of the hyperemia produced. Wie- 
mer, in a large series of cases, has never seen any un- 
toward results from deep x-ray therapy. It does not 
affect the milk secretion, and the irradiated milk does 
not harm the child. The rapid relief of pain enables 
the mother to suckle her child without fear of recur- 
rence. 


BREAST CANCER 


An Evaluation of the Roentgen Diagnosis of Early 
Carcinoma of the Breast. Jacob Gershon-Cohen and 
A.E. Colcher. Jour. Am. Med. Assn., March 13, 1937, 
108, 867-871. 

While it is difficult to credit some of the recent en- 
thusiastic reports on the roentgen examination of the 
breast which seem almost tantamount to histologic 


studies, the high percentage of roentgen interpretations 
that were confirmed by microscopic examination of the 
tissue is remarkable. 

Serial roentgenographic studies of the normal breast 
in women past the age of 25 is so simple a procedure and 
economically practicable that it is worthy of serious 
consideration as a measure to be taken now in the con- 
trol of mammary cancer. 

The least number of errors in the roentgen diagnosis 
of malignant mammary tumors was made in the atro- 
phic breasts, most of which occur in the fifth and sixth 
decades, usually at or after the menopause. In these 
breasts the single examination has already exhibited 
its diagnostic possibilities for accuracy. The chief 
reason for this is the clear visibility of the tumor 
margins afforded by the homogeneous fat content of 
the breast, the fat being a good radiolucent contrast 
medium. It is often surprising how easily discernible 
are the striations of malignant infiltrations radiating 
from the margins. This is partially true also when 
there is excessive fat infiltration in the active breast 
of the younger individual. 

Deep-seated nodules are found more easily by the 
roentgen examination than by palpation. 

CHARLES G. SUTHERLAND, M.B. (Tor.). 


CANCER (THERAPY) 


Experience in the Radiotherapy of Malignant New- 
growths of the Upper Air and Food Passages. Hans R. 
Schinz and A. Zuppinger. Miinchen. med. Wchnschr., 
April 9, 1937, 84, 561-564. 

After a rather lengthy review of cancer statistics in 
Switzerland, the authors point out that the only meth- 
ods of curing cancer are surgery and irradiation, and 
that the cures depend on early suspicion, early diag- 
nosis, and early treatment. They feel that oral carci- 
noma has ceased to be hopeless, and that surgery has 
fallen into disrepute in this form of cancer because of the 
severe mutilation, although as electrocoagulation it has 
regained something of its old réle. The main standby 
is radiotherapy, either as external x-radiation, as radium 
interstitially, or applied in intracavitary applicators, 
and as teleradium therapy. This implies great advances 
in radiation therapy in the last fifteen years. Its prog- 
ress consists of the correlation between histology and 
the course planned, and of knowledge of the significance 
of optimum time factors for the production of reactions, 
and of the clinical care with hospitalization and modi- 
fication of the course with the patient’s tolerance and 
the local reaction. 

Most of their patients come too late for local radium 
treatment, and they depend on protracted fractional x- 
ray treatment. The dose is large enough to produce an 
exudative and fibrinous epithelitis with epithelial des- 
quamation. 

The two groups (1919-1928, 1929-1935) show that 
the latter was larger and included a further advanced 
group of patients. The percentage of operable cases is 
only half as great. Primary healing occurred in 47 per 
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cent in the first period, in 71 per cent in the second, 19 
per cent and 31 per cent were well for three years, 17 
per cent and 22 per cent for five. The average life of 
patients who later died was eight years nine and one- 
tenth months. The authors feel that this is definite 
proof of the advantage of the protracted fractional 
method. They summarize their plan of treatment, and 
again emphasize the need for early care; they feel that 
there is prospect of further advance in the future, per- 
haps through increases in voltage or teleradium therapy. 

(The abstractor notes that the difference between the 
five-year results is not beyond the range of chance 
variation, being approximately two sigma only. How- 
ever, the three-year results are beyond the range of 
likely chance variation. This suggests that the im- 
provement is not so much in curability as in better pal- 
liative relief.) 

L. G. Jacoss, M.D. 


Surgery and Radiation Therapy in the Treatment of 
Malignant Tumors. L. Schénbauer. Strahlenthera- 
pie, 1937, 58, 632. 

The author stresses the importance of close co-opera- 
tion between surgeon and radiologist in the treatment 
of malignant disease. For some tumors, i.e., those in 
the gastro-intestinal tract, genito-urinary system, 
breast, and brain, he recommends operation. In a 
table he has compiled data on three-year survivals, 
comparing 326 patients treated surgically during a 
period of 20 years and 292 patients treated by irradia- 
tion over a period of five years. They include carci- 
noma of the tonsil, cheek, palate, mouth, and tongue. 
The relative percentage of survival at the end of three 
years was 31 for the surgical group and 38 for the radio- 
logical group. 

Ernst A. PoHLE, M.D., Ph.D. 





Combined Radium and Roentgen Therapy of Car- 
cinoma of the Rectum and Anus. R. Niedermayr. 
Strahlentherapie, 1937, 58, 624. 

The author recommends combined treatment of rec- 
tal carcinoma by roentgen rays and radium. Inoper- 
able cases may be rendered operable by proper irradia- 
tion. If surgical excision of the rectum is impossible, 
operative exposure of the tumor followed by thorough 
radium irradiation may lead to unexpected remissions. 
Several illustrative case reports are appended. 

Ernst A. PoHLe, M.D., Ph.D. 





The Treatment of Urethral Carcinomas. R. Vol- 
bracht. Zentralbl. Gynak., Dec. 12, 1936, 60, 2946- 
2957. (Reprinted by permission from British Med. 
Jour., March 27, 1937, p. 52 of Epitome of Current 
Medical Literature.) 

According to the author collected statistics concern- 
ing carcinoma of the urethra are few, but suffice to show 
a bad prognosis both from surgical and radiological 
therapy. The former has a cure rate of some 3 to 5 per 
cent and is suitable only for growths in the earliest 
possible stages. Radiotherapy encounters equal ana- 
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tomical difficulties, but a series of 14 cases from the 
Berlin Universitats-Frauenklinik showed a five-year 
survival in five; these comprised four of vulvo-urethral 
and one of peri-urethral carcinoma, no case of purely 
urethral growth surviving. 

The treatment at present carried out is radium appli. 
cation to the primary growth, followed by x-radiations 
and block disection of the inguinal glands. Too heavy 
a dosage of radium leads to stenoses and fistula; not 
more than 2,000 mg.-hr. is recommended, and prefer- 
ably half that dose. For the most frequent (the vulvo- 
urethral) form Volbracht advises against placing radium 
in the urethra; six or seven radium needles are inserted 
around and parallel to the urethra, and over the tumor 
or ulcer is temporarily sutured a disk-shaped carrier of 
seven more radium needles which is perforated centrally 
for insertion of a rubber catheter. A series of seven 
further cases is here described—three purely urethral 
and four vulvo-urethral. Two are still under treatment, 
one has remained for seven months free of recurrence; 
the rest on the average died within a year. 


THE COLON 


Two Cases of Hepato-diaphragmatic Interposition 
of the Colon: Autopsy Reports. Choussat and 
Choussat-Clausse. Bull. et Mém. Soc. Radiol. Méd. 
de France, February, 1937, 25, 147-154. 

Two cases of interposition of the colon which de- 
veloped during continued observation of the patients 
are presented and the autopsy findings given. 

In one case of cavernous pulmonary tuberculosis 
interposition of the colon was probably due to liver 
atrophy. In the other case of long continued pyloric 
hypertrophy and stenosis a groove on the surface of 
the right lobe, probably congenital, allowed the colon 
to ascend. 

In a discussion of the etiology of this condition the 
authors tabulate: first, conditions concerning the 
liver, modifications in volume, mobility and form; 
second, deficiencies and distentions of the diaphragm, 
and third, such factors as gas-distended colon, mega- 
and dolichocolon, relaxations of the colonic fixations, 
and abnormalities of the mesentery. 

S. RicHarp Beatty, M.D 


THE COUTARD METHOD 


Roentgen Therapy of the Pelvis in the Treatment of 
Carcinoma of the Cervix. Henri Coutard. Am. Jour. 
Roentgenol. and Rad. Ther., November, 1936, 36, 603- 
610. 

This paper is but a brief summary of the Stage Ill 
carcinoma, extensive invasion of both parametria, 
reaching the wall of the pelvis, and of a number of ex- 
tensive recurrences after operation at the Institut du 
Radium of Paris University, between 1919 and 1929. 

With the method now employed the five-year sut- 
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vival ratio is 36 per cent. This is larger than has ever 
before been attained. 

The method consists of the application of small 
amounts of radiation per minute and per day over a 
period of from five to seven weeks, until 10,000 to 14,000 
r have been administered over the pelvis. It is this 
protraction of the treatment, coupled with the low 
intensity and small amount of r per day, which has 
permitted the large total dose and the improvement in 
results without the bad general radiation effects. 

The number of portals used were at least six, two 
latero-sacral, two ilio-inguinal, and two gluteal, and 
these were treated in rotation. The associated treat- 
ments have usually commenced with roentgen rays 
with radium subsequently, the dose being about 20 per 
cent larger when roentgen therapy is used alone. Ex- 
cept in the latter group the rays have been directed 
chiefly to the parametria. For small patients all the 
factors must be decreased. Patents weighing over 70 
kg. show poorer results owing to the ineffective dose, 
especially if roentgen radiation alone is employed. 

The entire article should be read. 

S. M. Atkins, M.D. 


THE EAR (MIDDLE) 


Middle Ear Diseases. W.Loepp. Med. Klinik, Oct. 
30, 1936, pp. 1496, 1497. (Reprinted by permission from 
British Med. Jour., Dec. 26, 1936, p. 99 of Epitome 
of Current Medical Literature.) 

The author presents the following points in favor of 
roentgenographic examination in diseases of the middle 
ear; the roentgenograph gives us a general idea of the 
structure and topography of the temporal bone, of the 
degree of its ppeumatization, of the position and condi- 
tion of the antrum, of any possible developmental 
anomalies of the os tympanicum, ete. A mastoiditis 
can be demonstrated roentgenographically before the 
onset of clinical symptoms, and the different stages of 
its evolution can be followed on successive roentgeno- 
graphs. Occasionally grave complications of mastoidi- 
tis such as a perisinus abscess can be demonstrated 
before the appearance of their clinical manifestations. 
The roentgenographic examination may be able to 
elicit the cause of recurrences after an operation. It 
may demonstrate a cholesteatoma and its complications 
when other clinical methods have failed to establish a 
diagnosis. It may reveal the carcinomatous or tubercu- 
lous nature of a chronic middle-ear suppuration. On 
the other hand, the roentgenographical examination 

may fail for the following reasons: it is often impossible 
to distinguish roentgenographically between defective 
pneumatization and slight inflammatory changes in 
the mastoid; the roentgenographical demonstration of a 
mastoiditis is irrelevant for the prognosis, as a mastoidi- 
tis may heal spontaneously under conservative treat- 
ment; in the presence of certain clinical complications 
in mastoiditis an operation is indicated in spite of the 
absence of anatomical changes on the roentgenograph. 


ENCEPHALOGRAPHY 


Encephalography by the Lumbar Route in the Child. 
R. Mathey-Cornat and J. Dupin. Jour. Radiol. Elec- 
trol., November, 1936, pp. 597-606. (Reprinted by 
permission from British Med. Jour., Jan. 30, 1937, p. 
19 of Epitome of Current Medical Literature.) 

The authors point out the diagnostic and therapeutic 
importance of encephalography through the lumbar 
route in children. As a diagnostic procedure it sup- 
plied information on the disposition of the cerebral 
ventricles, on the permeability of the subarachnoid 
spaces, on the circulation of the cerebro-spinal fluid, 
etc., in mental defectives, idiots, microcephaly, epilepsy, 
hydrocephaly, meningeal syndromes, and paralysis of 
childhood. The only contra-indication is the suspicion 
of a cerebral or cerebellar tumor in the posterior cranial 
fossa. From the therapeutic point of view the pro- 
cedure has proved useful in cerebro-spinal meningitis 
and in epilepsy. It is probably also beneficial in a 
number of other conditions, such as post-traumatic 
sequele to cranial injuries, post-traumatic epilepsy, 
etc. In children the injection of 15 to 20 c.c. of air is 
sufficient for most therapeutic purposes. The radio- 
graphic images obtained with these small quantities of 
air are satisfactory in the majority of cases provided 
the correct technic has been used. However, the inter- 
pretation of the roentgenograms is somewhat difficult. 


ELECTROSURGERY 


Cautery Excision and Electrosurgery. V. Mannin- 
ger. Le Cancer, 1935, 12, 259-265. 

In surgery of neoplasms the author has used the 
Paquelin cautery, electrocautery, and the high fre- 
quency coagulation currents rather than the knife. 
It is possible to do a neater, cleaner dissection while 
avoiding bleeding. The lymphatic channels are sealed 
against transport of malignant cells. Re-implantations 
of these cells do not occur at the site of operation. The 
resulting sterile fields allow the safe and more effective 
use of radium or x-rays when these are indicated. 

The author believes that the absorption of autoly- 
sates by the body is reduced to a minimum when the 
lymphatics are sealed, preventing intoxication. 

The high frequency currents should not be used in 
the vicinity of nerves, due to the injurious effect of 
over-stimulation. 

The author describes the technic of operation. He 
has used these methods in about 3,000 cases. His 
mortality rate is very low and the survival rate is high 
(50 per cent in five years). In the future he intends to 
supplement surgery with radium more frequently, as 
he now has a sufficient supply at his disposal. 

S. RicHarpD Beatty, M.D. 


EPILEPSY 


Value of Encephalogram in Differential Diagnosis 
between Hereditary and Symptomatic Forms of 
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Epilepsy. F. Laubenthal. Med. Welt, Feb. 27, 
1937, 11, 267-272. (Reprinted by permission from 
British Med. Jour., May 8, 1937, p. 75 of Epitome of 
Current Medical Literature.) 

The author has investigated 285 cases of epilepsy 
by means of encephalography. Fifty of these cases 
definitely belonged to the category of hereditary 
epilepsy, while in another 26 cases the diagnosis of 
hereditary epilepsy was probable. Marked encephalo- 
graphic changes were found in a large number of cases 
of hereditary epilepsy. The most common changes 
were unilateral or bilateral enlargement of the lateral 
ventricles, enlargement of the third ventricle or else 
non-filling of the ventricles, or enlargement, uneven- 
ness, or mottling of the subarachnoid spaces. But 
the author never observed in hereditary epilepsy a 
hydrocephalic ventricular enlargement, or a displace- 
ment of the ventricles, or filling defects or excavations 
in the ventricular outline. In doubtful cases circum- 
scribed changes in the subarachnoid filling pointed 
toward a local pathologic condition. There was no 
definite relation between the gravity and the duration 
of the epilepsy and the encephalographic changes. 
Pathologic changes in the cerebro-spinal fluid were 
found mainly in cases showing ventricular enlargement. 
The encephalography proved perfectly harmless in 450 
cases investigated. 


THE EYE 


Radiotherapy in Lesions about the Eye. G. E. 
Richards. Am. Jour. Roentgenol. and Rad. Ther., 
November, 1936, 36, 588-602. 

The eye tolerates radium rather well, much better 
than some other structures, and the dangers of corneal 
ulcer, secondary glaucoma, and cataract are remote, 
especially when the cornea is protected by a gold or 
silver shield. The eye is completely shielded when a 
nearby area is treated. 

Many conditions in or about the eye are benefited 
by radiological methods, namely, blepharitis, eczema of 
the lids, inverted lashes, papillomas, vernal catarrh, 
keratoses, nevi and angiomas of the lids, rodent ulcer 
and epithelioma, and hyperplasia of the corneal epi- 
thelium. Cataract does not appear to be benefited 
although so claimed by earlier writers. 

All the above diseases are reviewed in detail, technic 
described, cases cited, and many illustrations shown. 

S. M. Arxins, M.D. 


THE FOOT 


A Case of Spontaneous Peridiaphyseal New Bone 
Formation of the Second Metatarsal. Charles Viallet 
and R. Marchioni. Bull. et Mém. Soc. Radiol. Méd. 
de France, February, 1937, 25, 169-172. 

Roentgenographs of the foot of a rather heavy woman 
30 years of age, who had been suffering from pain for 


several days, revealed a rounded buttress of new bone 
on the inferior medial side of the second metatarsal. 
Following a course of anti-syphilitic treatment (the 
patient’s serology was negative), the new bone forma- 
tion was seen to involve the length of the shaft, and 
some destruction of the shaft was apparent. After 
seven months, except for disappearance of the area of 
destruction, the shaft showed little change. The 
authors believe this may be a case of ‘‘pied forcé.” 
S. RrcHarpD Beatty, M.D. 


Avulsion of the Attachment of the Tendon Achilles: 
Case Report. H. DuBoucher, C. Viallet, and R, 
Marchioni. Bull. et Mém. Soc. Radiol. Méd. de 
France, February, 1937, 25, 172-174. 

An oblique fracture of the superior posterior portion 
of the greater tuberosity of the calcaneus included the 
attachment of the tendon achilles. Treated by open 
operation and fixation with a pin through the fragment 
into the body of the calcaneus, a perfect restoration 
of function was obtained. 

S. RICHARD Beatty, M.D. 


GENITO-URINARY TRSCT 
(DIAGNOSIS) 


Correlation of Clinical and Anatomical Studies of 
the Vesical Neck. R. E. Van Duzen and W. W. 
Looney. Southern Med. Jour., April, 1937, 30, 
436-438. 

The authors have made an anatomical study of the 
vesical neck. From the anatomic and microscopic 
findings they conclude that the external longitudinal 
muscle fibers of the bladder detrusor muscle interlace 
with the circular fibers of the internal vesical orifice 
and perform a very important function in opening the 
internal vesical orifice at onset of the act of urination. 

A discussion by Dr. Hugh H. Young and Dr. Ray- 
mond Thompson accompanies the article. 

Davis H. ParDOo.t, M.D. 


GRENZ RAYS 


The Treatment of Lupus with Grenz Rays. H. L. 
Banberg and P. Kréker. Miinchen. med. Wehnschr., 
April 9, 1937, 84, 569-571. 

The authors prefer to handle their cases as out- 
patients. They describe their clinic organization. The 
action of Grenz rays, like Finsen treatment, depends on 
an inflammatory reaction; with Grenz rays the reaction 
goes to vascular dilatation, outpouring of cells, and a 
serous exudation from neighboring vessels. This initi- 
ates a destruction of the diseased and neighboring 
normal tissues. Proper choice of treatment preserves 
the resistant connective tissue. The deeper vessels are 
not damaged because the rays are absorbed in the super- 
ficial structures. As a result of the inflammatory re- 
action the diseased ‘top layers become necrotic. After 
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removal of the diseased crusts the uninjured vascular 
bed can initiate regeneration in the shape of scars, 
which are flat, not raised. The technic used, which does 
not strictly follow previously described works, consists 
in cleaning the lesion of crusts, and radiating 15 minutes 
with red light, after which the Grenz treatment closely 
follows (9-10 kv., 10 ma., 2.5-5 cm. T.S.D., half value, 
(.0185-0.02 mm. Al). Most lupus patients react to 
this with a strong inflammation which recedes the next 
day, or at latest the day after. After some weeks the 
crust drops off, leaving at first a noticeable, but later an 
almost unnoticeable, scar. Keloids are not formed. 
By combined therapy two sources of inflammatory re- 
action combine their effect. Tuberculin may also be 
used to produce a specific inflammatory reaction; the 
treatment of the lesions with Ektebin before radiation 
produces an appreciable increase in reaction. The 
use of these measures must be accompanied by caution 
because of the possibility of generalized reactions. 
With the proper management only slight or no activa- 
tion of (pulmonary) lesions previously quiescent is ob- 
served. With the combination method doses of from 
1,000 to 1,500 r are given at 5 cm.; occasionally as 
much as 2,000 r may be given. In a single course a 
lesion receives on an average not over from 15,000 to 
20,000 r. 
L. G. Jacoss, M. D. 


Our Experience with Grenz-ray Therapy in Lupus 
Vulgaris. A. Beller. Strahlentherapie, 1937, 58, 244. 

During the last three years the author treated 39 
cases of lupus vulgaris with Grenz rays. Technic: 
8.5 kv.,.15 ma., HVLai 0.017 mm. He divided his ma- 
terial arbitrarily in three groups according to the total 
dose given, 5,000 r, from 6,000.to 10,000 r, and from 
11,000 to 18,000 r. There were seven patients in the 
first group, two of whom were cured. In the second 
group were 19 patients: one was cured, one improved. 
In the third group were 13 patients, none of whom 
showed any marked tendency to heal. In order to 
study the mechanism of the effect of radiation on the 
pathologic tissue, biopsies were taken in a number of 
cases following irradiation. It appeared that even in 
clinically healed lesions typical changes or cell groups 
were found characteristic for lupus. This occurred 
even after very high doses. Caution is necessary in the 
use of roentgen rays because of the danger of carcino- 
matous or sarcomatous degeneration. Grenz-ray ther- 
apy cannot be considered the method of choice for all 
cases with lupus vulgaris. 

Ernst A. Ponte, M.D., Ph.D. 


GYNECOLOGY 


Treatment of Dysmenorrhea. L. J. Stacy and R. 
Shoemaker. Am. Jour. Obst. and Gynec., January, 
1937, 33, 67-74. (Reprinted by permission from 
British Med. Jour., April 10, 1937, p. 60 of Epitome of 
Current Medical Literature.) 


The authors submit a study from the Mayo Founda- 
tion of 262 cases of dysmenorrhea; 132 were single 
women. Pregnancy had failed to cure 47 out of 
the 130 married women. Of these, six gained relief 
after treatment plus a second pregnancy, but six re- 
mained as before. Psychic and fatigue factors were 
noted in 82 cases. Results are tabulated according to 
type of treatment: (1) Drugs—antispasmodics, an- 
algesics, sedatives; chiefly benzyl benzoate, barbiturates, 
belladonna, and calcium lactate, alone or in combination. 
After a course of such treatment 51 per cent showed 
benefit, some permanent. (2) Endocrines—alone, or 
combined with drugs at least for a time, primarily for 
cases showing menstrual irregularities. Of these, 60 
per cent gained relief, relapses occurring unless treat- 
ment was maintained or repeated in an uncertain pro- 
portion. Ovarian extract, oestrin (progynon), placen- 
tal hormone (emmenin), and sistomensin (luteo-lipoid 
of corpus luteum) are separately reported upon, the 
last being chosen when excessive loss as well as pain 
was present. Complete relief was obtained in 5.4 per 
cent, with improvement in 55 per cent, but it is sug- 
gested that the endocrine preparations had very little 
effect. Irradiation of pituitary or ovaries was used in 
five cases with relief, but the method is for expert 
radiologists only. Radium in doses to induce temporary 
amenorrhea or full menopause, applied in 16 selected 
cases, was successful in 69 per cent. For patients with 
disabling and otherwise incurable dysmenorrhea resec- 
tion of the pre-sacral nerves is a possibility, relief being 
considerable and generally complete. 


THE KIDNEYS 


Pyelography in Renal Hydatids. R. C. Begg. 
British Jour. Surg., April, 1937, 24, 691-702. 

The author discusses the pyelographic characteristics 
of the various types of renal hydatid cysts. 

The main types are: 

1. The pseudo-closed, in which the cyst communi- 
cates with the renal pelvis but the parasite is intact. 

2. The open, in which the envelope of the parasite 
has ruptured. 

3. The closed, in which the cyst does not com- 
municate with the pelvis. 

4. Secondary calix cysts. 

The effect of extrarenal cysts on the contour of the 
pelvis is illustrated. 

Many illustrations of the pyelographic characteristics 
accompany the article. 

Davis H. ParpDo.i, M.D. 


Technic of Nephropexy. Marion. Rev. med. frang., 
December, 1936, 17, 781-790. (Reprinted by per- 
mission from British Med. Jour., Feb. 13, 1937, p. 26 
of Epitome of Current Medical Literature. ) 

The author describes nephropexy as an operation 
which has become increasingly popular as the technic 
has improved. For the procedure to be successful the 
kidney ‘must be fixed securely in a high position. 
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Failures in the past have been due to faulty technic. 
The operation is recommended for those patients with 
pain, dilatation of the pelvis of the kidney, and chronic 
infection or hemorrhage for which medical treatment 
has been unsuccessful. Pyelography should be carried 
out before operation. The technic of the procedure, 
which is based on that of Surraco, is fully described and 
illustrated. It consists of the exteriorization of the 
displaced kidney, examination of the junction of the 
pelvis and the ureter, fixation of the kidney by means 
of linen sutures passed round the twelfth rib, formation 
of a sling composed of renal capsule to support the 
kidney, and drainage and closure of the wound. If 
displacement is bilateral, intervention may be carried 
out on both sides during the same operation. The 
patient should remain in bed for three weeks so that 
sound healing may take place. 


Renal Tumor in a Displaced Kidney. M. Bernas- 
coni. Bull. et Mém. Soc. Radiol. Méd. de France, 
February, 1937, 25, 155. 

An enormous solid tumor extending from the left to 
the right iliac fossa and filling the latter, was shown by 
pyelography to originate in the left kidney which had 


been displaced to the right. 
S. RicHarD Beatty, M.D. 


«Calcified Hydatid Cyst of the Kidney. Bernard P. 
Goinard and Le Génissel. Bull. et Mém. Soc. Radiol. 
Méd. de France, February, 1937, 25, 145-147. 

A case of calcified hydatid cyst of the lower pole of 
the kidney is presented, diagnosed by plain films, and 
confirmed by pyelography and operation. 

S. RicHarD Beatty, M.D. 


Importance of Respiration Pyelography in Diagnosis 
of Paranephritic Abscesses. F. Breuer. Zentralbl. f. 
Chir., March 20, 1937, 64, 683-686. (Reprinted by 
permission from British Med. Jour., May 8, 1937, p. 75 
of Epitome of Current Medical Literature.) 

The author asks for trial of Hilgenfeldt’s recently 
described device for the radiological detection of peri- 
nephritic abscess: after transvesical (or other) filling 
of the renal pelvis with an opaque substance two suc- 
cessive radiographs are superimposed, one being taken 
in full expiration, the other in full inspiration. The 
healthy side shows the usual sinking of the kidney on 
inspiration; in a case in which there is a perinephritic 
abscess the image does not descend. In one of Breuer’s 
cases this procedure allowed of a definite early diagnosis 
ina fat subject. Hilgenfeldt’s method is also said to be 
of use in defining the connection or lack of connec- 
tion of foreign bodies with the kidney. 


THE KNEE JOINT 


Congenital and Recidivating Luxation of Patella. 
Dr. Hustinx. Le Scalpel, Oct. 31, 1936, 89, 2304-2309. 


(Reprinted by permission from British Med. Jour, 
Dec. 19, 1936, p. 102 of Epitome of Current Medical 
Literature. ) 

The author points out that the most common type 
of dislocation of the patella is external. Dislocation 
upward, downward, or internally is rarely seen without 
some underlying pathologic condition. There are two 
different forms: that in which the dislocation is com- 
plete, when the patella has lost all contact with the 
anterior surface of the external condyle; and the in- 
complete type, when the patella leaves the anterior 
surface of the condyle only in full flexion. There are 
many intermediate stages and recurrence is often seen, 
due to repeated trauma. Congenital dislocation js 
usually associated with some pathologic condition of 
the knee, such as genu valgum, hypertrophy of the 
external condyle in cases in which the patella ligament 
is displaced laterally, or when there is relaxation of the 
muscles and ligaments of the knee. 

Discovery of the condition is made at different stages 
of development. Sometimes a child refuses to walk, 
has pain, or falls easily; in other cases the first symp- 
toms develop only after some trauma. Treatment de- 
pends on the associated condition of the knee. In 
some instances in which the dislocation has not been 
noticed and the structure of the joint has accommodated 
itself so that little discomfort is felt, surgical treatment 
would only aggravate the condition. In cases of re- 
currence in which treatment is necessary the osteo- 
plastic method is recommended. This consists of three 
procedures: detachment of the tendon of the patella 
from the head of the tibia, sliding this toward the inner 
side and freeing the outer border of the patella and 
the patellar ligament on the same side to allow of the 
displacement to the inner side. The loss of substance 
in the vastus externus is then replaced by a fascial 
graft. The third procedure consists in the plication 
of the ligaments on the inner side and the vastus in- 
ternus according to the method of Ugo Camera. A 
case is reported of congenital dislocation of the patella 
of both knees in a boy of 11. Operative treatment was 
carried out on both sides and resulted in complete cure 
in the case of the right knee and considerable improve- 
ment in the left. 


THE LIPS 


Resistant Carcinomas of the Lip and Their Cure. 
A. Hintze. Strahlentherapie, 1937, 59, 1. 

Carcinoma of the lip may be cured by various meth- 
ods of treatment. Recurrences usually start from a 
temporarily healed lesion although additional new pri- 
mary foci are possible. During 1912-1932 the author 
observed 29 cases of resistant carcinoma of the lip: 24 
had been treated by surgery and five by radiation. In 
25 cases the cancer was in the lower lip and in four cases 
in the upper lip. Six patients who had the first lesion 
removed surgically and the recurrence again removed 
surgically were all cured for periods of 15, 17, 19, 19, 
25, and 37 years, respectively. In 15 patients in whom 
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the primary lesion had been operated on, the recurrence 
was treated by irradiation: in six of these the glands 
had been removed at the time of the first operation: 
eight responded well to the treatment and became free 
from symptoms. Of two patients with primary car- 
cinoma of the upper lip, one responded well to irradia- 
tion (treatment of recurrence). 

The author concludes that recurrent and resistant 
carcinoma of the lip is usually due to insufficient treat- 
ment of the primary lesion. Radiation therapy, how- 
ever, has much to offer in the treatment of the recur- 
rences. Numerous case reports are found throughout 
the article, with good illustrations of lesions before and 


after treatment. 
Ernst A. PouLe, M.D., Ph.D. 


THE LUNGS 


The Interpretation of Roentgenograms of the Lungs. 
K. Heckmann. Miinchen. med. Wchnschr., March 26, 
1937, 84, 495-501. 

The author proposes a brief review of the field. He 
first discusses the optical problems involved. It is 
demonstrated how shadows are cast on the film, and the 
fact that a certain size is required before a shadow is pro- 
duced, isnoted. The summation of the effect of a series 
of small shadows, as in miliary tuberculosis, is also men- 
tioned, as well as the result of multiple shading from 
several penumbras. To get best results, then, a small 
focus and great T.F.D. is necessary; this is located by 
the inverse square law and the loading capacity of 
the tube. Intensifying screens, though they mul- 
tiply the darkening of the film by about ten, are 
limited by their fuzziness. To obviate this, ten 
superimposed films may be simultaneously exposed in 
cardboards, and a positive printed through all of them 
superimposed, but this method is too expensive. 

Of the normal markings, the tree-like lung markings 
are caused mostly by the blood vessels. Increased 
prominence in disease may occur in the vessels, the 
bronchi, or the lung substance, or alveoli. In vascular 
disease, distinction is made between arterial and venous 
congestion, the former being marked by pulsating hila, 
tortuosity of the para-hilar markings, and normal radi- 
ability of the lungs, while the latter is marked by large 
but not pulsating hila, large but not tortuous para-hilar 
vessels, and diminished radiability of the lungs. Ky- 
mography may give supplementary information. In 
mitral disease mixed forms occur, the type predominat- 
ing depending on the stage of compensation. The 
bronchial tree plays but a small réle in the picture of the 
normal and pathologic lung. While the lung paren- 
chyma takes part in practically all changes in the lung, 
it is seldom primarily affected. 

Then he considers diseases producing shadows 
through replacement of air in the alveoli, for example, 
atelectasis. The focal atelectasis of bronchitis and in- 
flammatory exudates in the bronchi are considered, such 
aS pneumonia. Localization is discussed, and the 
diminution of volume of the involved lobe mentioned. 





The possibility of confusion with encapsulated inter- 
lobar effusion is discussed, and interlobar effusion and 
thickening in general considered. Oblique anterior 
projections are advocated for the study of such effusions, 
etc., in the major fissure. Carcinoma is mentioned, and 
the rule that in atelectasis a small hilar carcinoma 
should be suspected is drawn. The article is well 
illustrated. 
L. G. Jacoss, M.D. 


Roentgen Therapy for Bronchiectasis. Maurice Berck 
and William Harris. Jour. Am. Med. Assn., Feb. 13, 
1937, 108, 517-522. 

Roentgen therapy has been employed for a great and 
protean variety of pulmonary inflammatory diseases. 
In small dosage it was employed by several different 
workers for ‘‘unresolved pneumonia”’ and “chronic pul- 
monary suppuration”’ with varying and, for the most 
part, indifferent results. Experience with small dosage 
in their radiotherapy department demonstrated to the 
authors a total failure of effect in bronchiectasis. 

The authors describe the deliberate and successful 
use of roentgen therapy in large dosage as the sole treat- 
ment of chronic secreting bronchiectasis. This resulted 
in great symptomatic improvement in a considerable 
proportion of their cases. 

Follow-up examination over a period of two years in 
those cases in which there was improvement has shown 
no recurrence of symptoms with infections of the upper 
respiratory tract. 

CHARLES G. SUTHERLAND, M.B. (Tor.). 


Differential Diagnosis between Primary Tumors and 
Tuberculosis of Lungs, and Importance of Tuberculosis 
in Creating Precancerous Condition. O. Feuchtinger. 
Ztschr. f. Tuberk., 1937, 77, 81-107. (Reprinted by 
permission from British Med. Jour., April 24, 1937, 
p. 65 of Epitome of Current Medical Literature.) 

The author discusses the etiology and differential 
diagnosis of carcinoma of the lung, with special refer- 
ence to ten personal cases. He finds no proof for the 
belief that tuberculosis and carcinoma cannot co-exist, 
or for the theory that carcinoma arises necessarily from 
a precancerous condition occasioned by tuberculosis. 
Only three of his cases had tuberculosis, and in none 
of them was it associated in any way with the carcinoma. 
He suggests that when tuberculosis and tumor co-exist 
this might occur: because of a simultaneous appear- 
ance of both (very rarely); because an old tuberculous 
lesion develops into a cancerous one (rarely); or more 
commonly because a latent or active tuberculosis turns 
to carcinoma or a carcinoma activates tuberculosis. 
Tobacco appeared to have some significance, for seven 
of the author’s patients were heavy smokers. The ratio 
of men to women was 8 to 2, confirming the findings of 
other authors. Heredity appeared to be significant, for 
of four patients with a family history of cancer, three 
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had cancer of the lung. Etiologic factors mentioned 
by other authors—for example, dust, profession, habi- 
tat, avitaminosis, war conditions, etc.—were not found 
in Feuchtinger’s cases. He admits that the differen- 
tial diagnosis is difficult, but maintains that diagnosis 
is possible in 50 per cent in the first and 80 per cent in 
the later stages of the disease. 

X-ray examination, bronchoscopy, and exploratory 
thoracotomy yield the best results in differential diag- 
nosis. In the history the presence of possible etiologic 
factors, especially occupational ones, may help. Physi- 
cal examination rarely allows of differentiation between 
cancer and tuberculosis (all ten cases had been diag- 
nosed as tuberculous). The presence or absence of 
tubercle bacilli in the sputum does not exclude the 
occurrence of cancer, but bloody sputum in the absence 
of tubercle bacilli in elderly persons is strong presump- 
tive evidence of cancer. Tumor cells are only rarely 
found in the sputum. Hematologic and serologic tests 
are of value only in conjunction with other evidence. 
Increasing pain and dyspnea in the thorax after tapping 
of a pleural exudate is, in the author’s opinion, very 
suggestive of the existence of carcinoma. 


Diagnosis and Treatment of Primary Cancer of the 
Lung. A. C. Christie. British Jour. Radiol., March, 
1937, 10, 141-158. (Reprinted by permission from 
British Med. Jour., May 8, 1937, p. 75 of Epitome of 
Current Medical Literature.) 

The author first discusses the diagnosis and the 
differential diagnosis of the primary carcinoma of the 
lung from the general clinical and special radiological 


points of view. Recent statistics have proved that 
carcinoma of the lung is very frequent; more frequent, 
for example, than carcinoma of the esophagus. Surgi- 
cal treatment, whether lobectomy or pneumonectomy, 
has had some successes. There appears to be no room 
for pre-operative irradiation treatment, but post-opera- 
tive irradiation is useful in certain cases. When irradia- 
tion treatment alone is applied, high filtration—at 
least 2 mm. of copper—should be used, and treatments 
given every day for from sixty to seventy days through 
small fields until a total dose of 12,000 r units is reached. 
These large doses are certain to result in an x-ray 
pleuropneumonitis, but this should not deter the 
radiologist from giving an adequate dose. 


Air-filled Cyst of the Lung. R. O. Tanguy. Bull, 
et Mém. Soc. Radiol. Méd. de France, February, 1937, 
25, 163-165. 

Discussing briefly the clinical and radiologic findings, 
the author presents a case of solitary cyst of the lung 
replacing the left upper lobe above the level of the fifth 
rib anteriorly. 

S. RicHarD Beatty, M.D. 


A Case of Lung Stones. Thiodet and Bertrand-Guy. 
Bull. et Mém. Soc. Radiol. Méd. de France, February, 
1937, 25, 165, 166. 

Roentgenographs of a case with muliiple calcifica- 
tions in the lung parenchyma, before and after the 
patient expectorated one or more ‘“‘stones,’’ show 
diminution in the number of calcified nodules. 

S. RrcHaRD Beatty, M.D. 














